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ABSTRACT 
This research project used quantitative research method to evaluate interior designers' 
and interior design students' perceptions about CAD (computer aided design) in interior 
design. Survey method was used to collect data about demographics, perceptions regarding 
CAD use, difficulties with its use, and expectations of CAD in near future. Descriptive 
analysis was used to summarize data from self-administered questionnaires for students and 
interior designers. 
The outcome ofthe study provided an explanation for co-relation of the use of CAD 
among interior designers and students of interior design. It also provided understanding of 
practitioners' and students ' expectations regarding the use of CAD in near future. 
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CHAPTER 1 
INTRODUCTION 
Computer technology, in the form of CAD (computer aided design) software, such as 
AutoCAD; image enhancers, such as Photoshop; and animation, such as VIZ render, has 
become important to the architecture and interior design industry. The use of this software 
doesn't necessarily improve the creative process. However, applied intelligently, with a clear 
and simple strategy, a smart array of these tools can help to encourage creativity and 
innovation in problem solving (Trulove, 2004). 
Current CAD Use 
Currently, it's not uncommon to see architects and interior designers using two-
dimensional CAD services and, to a lesser degree, three-dimensional modeling services to 
demonstrate their ideas more effectively to clients. Today's clients like to be involved in the 
design process and to know how the space could look at the completion of the project. 
Researchers McLain-Kark, Dhuru, and Parrott (1999) examined clients' attitudes towards 
computer models and animation presentation techniques relative to showroom displays and 
line drawings. They found that computer models and animation were effective presentation 
techniques and were often preferred by clients. 
Computer technology has also become an integral part of architectural and interior 
design academic programs. McConnell and Waxman studied the use ofthree-dimensional (3-
D) computer aided design in interior design practice relative to its use in interior design 
programs in colleges and universities. They found that 83% percent of educators and 78% of 
practitioners believed that computer-rendered perspectives were an important communication 
tool for interior designers and their clients. Eighty-nine percent of educators and 74% of 
practitioners felt that experience with 3-D CAD made students more marketable within the 
profession (McConnell & Waxman, 1999). It is clear from the above examples and studies 
that computer technology is going to continue to be a vital part of design in the near future 
because it captures the desired effect and receives a positive appraisal from a client as well 
(Trulove, 2004). 
Unrealized Potential 
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Today, architects and designers can choose from not only a host of two-dimensional 
software programs, but also from schematics and detailed three-dimensional modeling, 
rendering, animation, and simulation software programs. However, architects and designers 
are still not taking full advantage of the currently available computer technology or new 
software development. Even today, many designers say that computer drawings are too cold 
and lack the character of hand drawings or that learning a system is too costly in terms of 
both time and money. Therefore, pure computer aided design has yet to be truly embraced in 
the designer profession (Langdon, 2003). For the most part, the common model for design 
offices today is still one in which skilled CAD operators or graphic designers take sketches 
from designers (non-CAD users) and translate them into digital images (Langdon). Perhaps 
designers still don't have enough information about the available software to know which 
one is the best option for them. Therefore, they don't feel comfortable exploring concepts 
and expressing their ideas directly on the computer. The true effectiveness of this 3-D 
software remains for the most part unknown. 
Significance 
Many studies have been done regarding computer technology in interior design 
practice. One researcher documented the history of computer technology in interior design 
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(Langdon, 2003 ). Another studied educational aspects of the current trends in software 
(McConnell & Waxman, 1999). A third explored development of computer technology in the 
near future (Trulove, 2004). However, no studies were found that document the use of 
computer technology that is available in the market today or that determine interior 
designers' and students' perceptions regarding use ofthis technology. An understanding of 
their viewpoints could predict the use of computer technology in the interior design 
profession in the near future. 
Research Questions 
The study determined what difficulties interior design practitioners and students faced when 
using CAD, what software they were using, and what they would like to see improved in it 
near future. 
The two hypotheses for the study were the following: 
Hypothesis 1: There are statistically significant differences between students' and 
design practitioners' perceptions of CAD at the 0. 5 level of probability. 
Hypothesis 2: There are statistically significant differences between students' and 
design practitioners' use of CAD at the 0.5 level of probability. 
Research questions for this study included the following: 
1. Are there statistically significant differences between interior designers' and 
interior design students' use of CAD? 
2. Are there statistically differences between interior designers' and interior design 
students' perceptions of CAD? 
3. Are there statistically significant differences between interior designers' and 
interior design students regarding issues with CAD use? 
4. Are there statistically significant differences between interior designers' and 
interior design students' expectations for improvements in CAD? 
Research Design 
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In the first part of the study, available information about computer technology for 
interior designers was collected by reviewing related literature. In the second part of study, 
information from the literature review was used to prepare a self-administered questionnaire. 
Randomly selected interior design practitioners and students were asked about their use of 
computer technology for interior design projects. 
The study provided a snapshot of practitioners' and students' perceptions and use of 
computer technology now, as well as an understanding of their expectations regarding the use 
of CAD in the near future. 
Summary 
The purpose ofthis research was to investigate interior designers' and interior design 
students' perceptions and use of CAD technology in their interior design projects. The study 
documented current trends in the use of computer technology in the interior design 
community. It also provided information about the difficulties students and designers face 
when using computer technology. Their expectations of future developments were explored. 
The outcome of this research project may be of interest to architects, interior designers, 
students of interior design, educators, software developers, and accreditation organizations. 
Study 
__. 
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Figure 1: Study Model 
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CHAPTER 2 
REVIEW OF LITERATURE 
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This chapter documents a review of literature to understand the historical background 
of CAD (computer aided design) use in interior design. It provides information about 
currently available computer technology, trends regarding its use by interior design 
practitioners and students today, and projections regarding future use of computer technology 
in interior design. 
Historical Perspective 
CAD software, today refened to as computer aided design software and in the past 
as computer aided drafting software, are programs that assist architects and interior designers 
in the creation of interior environments and the perception of the documents required to 
market and build them. 
Before 1970 
In 350 B.C., the mathematician Euclid of Alexandria, in The Elements, his research 
on mathematics, expounded many ofthe postulates and axioms that are the foundations of 
the Euclidian geometry. After nearly 2300 years, in the year 1963, the first CAD software 
system was built on the same foundation (Langdon, 2003). In the late 1960s, computers were 
too big to have one in a design studio. Mainframe computer required 24/7 temperature-and 
humidity-controlled environments. Sketchpad was the world's first CAD software, for 
personal computers; only large companies like GM (General Motors) and universities could 
afford computers or the Sketchpad CAD software. IBM (International Business Machines 
Corporation) developed personal computers and the first commercial CAD system in 1968, 
but very few architects or interior designers could afford to use it (McLain-Kark, 2000). 
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Much ofthe early pioneering research in 2-D CAD software was performed at what 
was then MIT's Mathematical Laboratory (now The Department of Computer Science). Most 
CAD software continued to be developed and used by internal groups at large automotive 
and aerospace manufacturers and often in conjunction with university research groups. 
Toward the end ofthe 1960s, interest in the commercial applications of CAD software was 
growing, and by the end of the decade, many CAD software companies, including Applicon, 
Auto-trol, and Computervision, emerged (Langdon, 2003). 
The 1970s 
Evans and Sutherland, the McAuto division of McDonnell-Douglas Dynamics 
Research Corporation and United Computing were established in the early 1970s, and CAD 
software started its migration out of research and into commercial use. It started with simple 
2-D CAD software programs such as CADAM (computer aided design and manufacturing), 
but research and commercial interest in 3-D CAD software was rapidly gaining momentum. 
One ofthe most influential pieces of research was in complex 3-D surface modeling for CAD 
software. Vesprilles, at Syracuse University, wrote his 1975 doctoral dissertation, Computer-
Aided Design Applications of the B-Spline Approximation Form; it continues to be one of the 
foundations of complex 3-D curve and surface modeling in 3-D CAD software to this day. 
The first 3-D solid modeling program, SynthaVision from MAGI Mathematics Application 
Group, Inc. , was released in 1972, not as CAD software but as a program for performing 3-D 
analysis of nuclear radiation exposure. 
The 1970s then was a decade that saw major advances in CAD software, especially in 
the fundamental geometric algorithms upon which CAD software was built. Equally 
important, the power of computer hardware was steadily increasing. In 1974 United 
Computing's Jntergraph JGES (Initial Graphic Exchange Standard) boosted evolvement of 
CAD implementations. VAX (Virtual Address Extension) minicomputers were launched by 
DEC (Digital Equipment Corporation), which by 1979 was second only to IBM in market 
share. Minicomputers from Data-General, HP (Hewlett-Packard Company), and Prime were 
reducing computer prices and operating costs, thereby making CAD software accessible to 
smaller companies. However, CAD was limited to two-dimensional drawings similar to 
hand-drafted drawings (Brandon, 1987). Even though architects and interior designers first 
started using CAD in this decade, computers did not make a strong impact on the design 
industry in the 1970s. 
The 1980s 
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Throughout the 1980s, the new generations of powerful UNIX workstations and 
emerging 3-D rendering software was shifting the CAD software market to 3-D and solid 
modeling. In 1981 Unigraphics released its UniSolids CAD software. Then in 1982, Ian 
Braid, Charles Lang, and the Shape Data team in Cambridge, England, released the Romulus 
b-rep Solid Modeler, the first commercial solid modeling kernel that was designed for 
straightforward integration into CAD software. Solid modeling allowed more versatile 
applications of computers in design activities. 
CAD became widely used by architects and interior designers in the 1980s. In 1982 
Autodesk was founded by John Walker, which led to the 2-D system AutoCAD. In the 1983 
AutoCAD 1.4 DOS came on two 5.25" floppy disks, each with 45k, and ran on a 
4.7mhz IBM PC (personal computer) with 64k ram (Langdon, 2003). It was a new way to 
create architectural drawings. The software was expensive, and most designers were reluctant 
to use it. Therefore it took few years for architects and designers to accept and learn to use 
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this new design software. Once they began using it, they found that having drafting done 
using a computer instead of a parallel bar improved productivity. They used CAD for 
plalllling, drafting, presentation drawings, finish schedules, door and window schedules, 
details, and other working drawings. CAD helped them to reduce drafting time and errors and 
improved the quality of drawings (Waxman and Zhang, 1995). It also improved the design 
firms ' level of service and responsiveness to clients by directly improving the quality of 
communication between clients, contractors, and project teams (Johnson, 1996). 
Interior designers started using computers more slowly than any other professionals. 
In 1985, in a survey of ASID members, McLain-Kark and Tang (1986) found that only 7% of 
interior designers were using 2-D CAD. One of the reasons was a lack of communication 
between software programmers and interior designers. Therefore, software programmers 
didn't understand the design process and could not produce effective software for interior 
design practitioners (Brandon, 1987). 
By the end of 1988, 84% ofthe top 100 interior design firms across the United States 
were using CAD. The number ofusers increased dramatically and reached 92% in the next 
year. In the same year (1989), 49% ofthe second 100 designer giants were using CAD. Now 
even the smallest firm could use CAD (McLain-Kark, 2000). 
By the end of the 1980s, the emerging shift to 3-D CAD software using solid models 
and the need for CAD software to manage product data such as material properties, surface 
finishes, engineering tolerances, and so on, was creating a need for a new data-exchange 
standard. 
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The 1990s 
By the end of 1989 there were 1 million AutoCAD users. This gave the Autodesk 
Company the incentive to develop better software. In 1991 AutoCAD released 
11DOS. Auto desk introduced the Xref (external reference) command in its 11th release of 
AutoCAD, which allowed team members to work on the same drawing without destroying 
the original one (Langdon, 2003). Autodesk had steadily ridden the PC wave to become the 
number-one CAD Company. In late 1994 Autodesk's release of 3-D CAD software totally 
revolutionized the CAD software industry. Macintosh introduced a new 3-D modeler, ACIS 
(Alan, Charles, Ian's System) by Spatial Technologies. 
At the end of the 90s, two major developments dominated computer usage in interior 
design: Internet networking and 3-D modeling. The Internet became more widely utilized by 
designers to access manufactures' web sites and to communicate with clients and team 
members (McLain- Kark, 2000). Many design firms discovered that it was less time 
consuming and equally effective to generate line or wire-frame perspective drawings using 
the computer instead of hand-drawing techniques. 
Table 1 
Comparison ofCAD Use in Education and in Design Practice 
Education (n = 1 03) Practice (n = 120) 
2-D CAD Use 96% 68% 
3-D Wireframe Use 65% 49% 
Full 3-D Renderings 41% 35% 
Animation 38% 25% 
(McLain-Kark, Dhuru, & Parrott, 1999). 
In 1999, McConnell and Waxman completed a research project to compare the use of 
3-D CAD in interior design practice relative to its use in interior design programs in colleges 
and universities (see Table 1). They found that vast majority of educators (96%) and more 
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than two-thirds (68%) of practitioners were using 2-D CAD. Most ofthe educators (83%) 
and practitioners (78%) believed that computer-rendered perspectives were an important tool 
in interior design and felt that experience with 3-D CAD made students more marketable 
within the profession (McConnell & Waxman, 1999). In another study, researchers examined 
clients' attitudes towards computer models, animation presentation techniques, and 2-D line 
drawings. They found that computer models and animations were effective techniques and 
that clients often were preferred them over 2-D drawings (McLain-Kark, Dhuru, et al. , 1999). 
2001 to 2005 
Thirty seven years after Ivan Sutherland published his SketchPad thesis, the CAD 
software industry had clearly entered what Clayton Christensen would term its period of 
"sustaining technologies" (McLain-Kark, 2000). Autodesk released AutoCAD 2000i, their 
first Web-enabled CAD software, in mid-2000. It provided the ability to output drawings that 
could be viewed with a Web browser and also enabled some online simple collaboration 
using Microsoft Net Meeting. 
Prior to 2000, architects and interior designers were providing two-dimensional CAD 
services (see Figure 2) and, to a lesser degree, three-dimensional modeling services. 
Advancements in CAD had been made in two key areas: an increase in processing speeds 
and the increase in the capability to produce 2-D and 3-D graphics on the personal computer. 
Easy file sharing, photorealistic renderings (see Figure 3), animation, and virtual reality were 
some of the developments that started to emerge at the beginning of 21st century. 
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Current Perspective 
Scope 
Today CAD is not limited to drafting and rendering; it ventures into many more 
intellectual areas of a designer's expertise. The most impmiant thing is that designers no 
longer have to be engineers or highly trained CAD operators to benefit from computer aided 
design. Currently CAD packages not only provide input in 2-D but also provide input in 
other forms of design communication, such as 3-D visualizations, model construction, and 
animated fly-throughs. CAD gives designers more freedom, more options, and more choices 
in exploring ideas in order to solve a particular problem in given amount of time. As Denise 
Guerin, a professor of Interior Design at the University of Minnesota, said, "Computer 
doesn't do the thinking for the designer. It doesn't inhibit him/her from being creative" 
(Taute, 2005). She also believes that technology can actually free up the mind to be more 
creative. 
CAD Use 
Current advantages in using CAD include (Salmon et al., 2002) the following: 
1. Conceptional time is reduced for new design. 
2. Drawings can be created more quickly. 
3. Costly mistakes in design or production can be avoided. 
4. Time to correct the mistakes is reduced. 
5. Documentation can be printed in various forms for multiple users. 
6. Document reproduction and cloning is made easy. 
7. Complex technical elements can be visualized. 
8. Quality of designs can be improved. 
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9. Clarity of documentation can be increased. 
11. 3-D solid modeling, parametric feature-based modeling can be made easy. 
12. Realistic texture mapping can be done (see Figure 3). 
13. 3-D texture mapping can be achieved. 
14. 3-D animation can be applied. 
15. 3-D rendering can be generated (See Figure and 3). 
16. True 3-D dimensioning can be achieved. 
17. 3-D rendering transparency and fogging can be achieved. 
18. Freeform surface modeling can be done. 
19. Design components can be reused. 
20. Automatic generation of standard components ofthe design can be done. 
21. Validation/verification of designs against specifications and design rules can be checked. 
22. Simulation of designs can be done without building a physical prototype. 
23. Output of engineering documentation, such as manufacturing drawings bills of materials 
required to build the product can be viewed and organized. 
25. Import/Export routines to exchange data with other software packages becomes easy. 
26. Libraries of parts and assemblies can be maintained. 
27. Lighting analysis and design can be done. 
Interface. 
Today most CAD computer workstations are Windows/Macintosh-based PCs. The 
human-machine interface is generally via a computer mouse but can be via a pen and 
digitizing graphics tablet. Manipulation ofthe view ofthe model on the screen is also 
sometimes done with the use of a spacemouse/spaceball. Some systems also support 
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stereoscopic glasses for viewing the 3-D model (McLain-Kark, 2000). 
Computer Technology 
CAD Software Categories 
Cunent CAD software packages can be divided in two categories: immersive 
software and non-irnrnersive software. An immersive system is the one that makes use of all 
the human senses and creates a sensation of"being there," a vittual reality system. A non-
immersive system is one that could create a walkthrough, animation that could be seen on a 
screen for example, 3-D CAD software (McConnell, & Waxman, 1999). 
Figure 2. Hand-drawn perspective of Majority Restamant. (Patil, 2005) 
Figure 3. Computer-generated perspective view using Architectural Autodesk Desktop and 
edited by using Adobe Photoshop. (Patil, 2005) 
CAD Software Packages 
In an ever-changing computer industry, there are many well known CAD products 
currently on the market. Using the Internet to shop CAD online is an effective way to 
research and compare types and brands. Currently there are 4 7 different CAD programs in 
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use by building design practitioners. Some of these are listed in Table 2. However more than 
half of the market is covered by four main corporations: Autodesk, Dassault Systemes, PTC, 
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and UGS Corp. CAD Packages can be classified into 3 types (McConnell & Waxman, 1999): 
1. 2-D drafting systems (e.g., AutoCAD, Micro station) 
2. Mid-range 3-D solid feature modellers (e.g., SolidWorks, SolidEdge, Alibre 
Design) 
3. High-end 3-D hybrid systems (e.g., CATIA [Computer-Aided Three-Dimensional 
Interactive Application] , NX Unigraphics). 
The majority of2-D systems come with 3-D software included at an affordable cost (e.g. 
M icrostation, 3-Dstudio, Architectural Autodesk Desktop). 
Table 2 
Current AutoCAD Companies and Their Basic Product 
Manufacturer Product Manufacturer Product 
Auto desk (Inc) Auto CAD Engineered Software Power Draw 
Archway Systems PenDrafter Evolution Computing Fast CAD 3-D 
Ashlar Inc Vellum Graph soft Arc hi CAD 
CADMAX corp. CAD MAX IBM Corp IBM AES 
CADAM, Inc IBM CAD Plus MegaCADD MegaMODEL 
Cad corp Wincad, 3-D Studio Schroff SilverScreen 
CAD works Draw base StereoCAD Inc REALTIME 
Computervision VersaCAD STRATA Inc Strata Vision 3-D 
Design CAD, Inc Design CAD (Mac) UNIC Inc Architron 2 
Data Automation DGS-2000 Wavefront Tech Advanced 
Visualiser 
(Salmon et al., 2002) 
Autodesk Software 
Autodesk is one ofthe top manufacturers of CAD tools that are developed primarily 
for architects, industrial designers, engineers, and other design groups. Autodesk has seven 
million users today, and more than two million students are being trained on Autodesk 
products each year. Autodesk software is used in more than 50,000 educational institutions 
worldwide (Autodesk Inc., 2006a). Autodesk offers a variety of products for designers to 
choose from, according to their needs. 
1. Platform Technology: AutoCAD, AutoCAD LT, Buzzsaw, Autodesk Design 
Review DWF Viewer, andAutoSketch. 
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2. Building solutions: Autodesk Revit Building, Autodesk Revit Structure, Autodesk 
Architectural Desktop, Autodesk Building Systems, and AutoCAD Revit Series. 
3. Manufactering solutions: Autodesk Inventor Series, Autodesk 
InventorProfessional, AutoCAD Mechanical, and Autodesk Vault. 
4. Infrastructure solutions: AutodeskMap 3-D, Autodesk Land Desktop, 
Autodesk Civil3-D, AutodeskMapGuide, MapGuide Enterprise, and the line of 
Topobase products. 
5. Media and entertainment (modeling, rendering, and 3-D animation): Autodesk 3-
D Max, AutodeskMaya, AutodeskMotion Builder, and Autodesk VIZ software. 
The Platform Technology Division of Autodesk company delivers the product 
foundation for most Autodesk offerings across multiple markets, from general design and 
drafting products that are used by millions of professionals worldwide to collaboration tools 
that enable management to control and share project information. The Platform Technology 
Division provides the basis for market-tailored products and solutions (Autodesk Inc., 2006b ). 
Companies identified in Table 2 also manufacture products similar to Autodesk's 
products. Each company's products of can be reviewed, compared, and even experienced, by 
exploring their websites to become familiar with the products before buying them. Often 
CAD software can be evaluated free for 30 days, allowing a designer to experience it at 
his/her own pace. 
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Digital Image- Editing Software 
Photorealistic images. Computer renderings provide today's designers and architects 
with an invaluable tool for creating multiple photo-realistic views of their designs. The 
designer has the option to use image-editing software to enhance accuracy of the photo-
realistic image. Digital image-editing is the process of altering digital images (see Figures 7 
and 8). Specialized software programs called V ectorGraphics Editors or Bitmap 
GraphicsEditors are the primary tools that are used to manipulate, enhance, and transform 
images. These programs are capable of editing images in many diverse ways. Popular image-
editing software includes Photoshop, Illustrator, 3-DMac, 3-DVis, Paint Shop Pro, and 
GIMP. For a list of all digital editing software cun-ently available, see Table 3. Image-
editing software can be used (Wikipedia Foundation Inc., 2006) to select the required part 
of an image for further enhancement or alteration and then to do any ofthe following: 
1. Layer the image so that each layer contains separate elements that can be 
combined to create an image 
2. Alter the image size 
3. Crop the image 
4. Adjust contrast and brightness of the image 
5. Remove unwanted objects 
6. Change the color of specific items in an image, selectively 
7. Merge images 
8. Change color depth ofthe image 
9. Sharpen and soften the images 
10. Make color adjustments (e.g. color-balance, grayscale, and special effect) 
11. Change the image orientation 
Image editors provide the means for altering and improving images in almost endless ways. 
Adobe Photoshop is one of the most widely used image-editing software programs. 
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Non-photorealistic images. Image-editing software can also be used to give non-
photo realistic characteristics to computer-generated "raw images" in order to achieve the 
traditional appearance ofhand drawing. Professor Jiang Lu, of Eastern Michigan University, 
observed students ' proficiency in painting computer-generated or hand-drawn views using 
image-editing software (see Figures 5 and 6) and in painting computer-generated or hand-
drawn views traditionally (see Figure 2), then compared the drawings to see ifthere was any 
correlation (Lu, 2005). She found that students could learn the Photoshop rendering 
techniques very quickly. The Photoshop process used less time than creating perfect 
computer models and rendering them completely in traditional AutoCAD or VIZ render. The 
most important outcome of the study was that non-photo realistic rendering revealed 
students' personal characteristics and artistic styles. The students who had better skills in 
traditional media created better Photoshop renderings. It is clear from the study that by using 
digital-painting software, the designer can take advantage ofthe digital technology and enjoy 
individualized artistic creations (Lu, 2003). 
Digital Painting 
Digital painting is a technique that uses digital tools by means of a computer and 
painting software. Effects similar to traditional painting techniques (e.g., watercolor, oils, 
impasto, etc.) can be achieved by digital painting. Change is only a keystroke away. Users 
don't have to worry about ruining the painting; the undo button eliminates the changes made 
to the image. It is different from other digital and computer-generated art because it doesn't 
start with a computer-generated model or image. Painting techniques are used to create the 
painting; therefore, the study of traditional painting techniques is important (see Figure 4). 
Types of digital painting include impressionism and realism. Image-editing software 
identified in Table 3 can be used for digital painting (Wikipedia Foundation Inc. , 2006). 
Figure 4. Examples of digital paintings. (Wikipedia Foundation Inc., 2006) 
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Table 3 
List of Currently Available Image-Editing Software 
Proprietary Software I Free Ware Free Software 
Commercial software 
Commercial software Art Rage Cine Paint 
Ability Photo paint Brush Strokes Image Editor GIMP 
ACD Canvas Picasa GIMP Shop 
Adobe Photoshop Pixia Kolourpaint 
Alias Sketchbook KOffice's Krita 
CodedColor Mt Paint 
Core 1 Painter Paint. NET 
Corel Paint Shop Pro Tux Pain 
Corel Photo-Paint 
Graphic Converter 
Macromedia Fireworks 
Microsoft Office Picture 
Manager 
Microsoft Paint 
Open Canvas 
Pic Master 
Pixel image editor 
QFX 
Ulead Photo Impact 
Ultimate Paint 
Winimages 
(Wikipedia Foundation Inc. , 2006) 
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Figure 5. Digitally rendered elevation. (Patil, 2005) 
1- - --
Figure 6. Digitally rendered Perspective view. (Patil, 2006) 
Figure 7. Computer rendered Perspective of Majority Restaurant. (Patil, 2005) 
Figure 8. Computer rendered Perspective of Majority Restaurant edited using Adobe 
Photoshop. (Patil, 2005) 
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Virtual Reality 
Virtual simulation software. The "latest and greatest" development in CAD software 
is the three-dimensional model simulations, or virtual simulations. Virtual simulations are the 
development of three-dimensional environments that create the perception of being in an 
existing or proposed environment and that allow the user to experience this environment in 
real, or close-to-real, time. The purpose ofthese simulations is to experience an environment 
"first hand" in order to give a clearer understanding of the proposed environment. 
CAVE (Cave Automatic Virtual Environment) is one ofthe most widely used 
immersive virtual reality environments. CAVE is a registered trademark of the University of 
Illinois Board of Regents. In this system, projectors are directed to four, five, or six of the 
walls of a room-sized cube and controlled by physical movements from a user inside the 
CAVE (i.e. , Cube). One or more computers, often SGI workstations, drive the projectors. 
Stereoscopic shutter glasses are worn by the user to convey a 3-D image. Computers rapidly 
generate a pair of images, one for each ofthe user's eyes. The glasses are synchronized with 
the projectors so that each eye sees only the intended image. The projectors are positioned 
outside of the cube so that mirrors often reduce the distance required from the projectors to 
the screens. CAVE and other types of virtual reality technology allow multiple users in the 
cube at the same time. Interaction between the users can be observed, recorded, and 
analyzed. The data can be used to develop design goals that accommodate users' needs as a 
part of design process (McLain-Kark, 2000). Many universities in the United States now own 
CAVE. 
Virginia Tech ACITC for virtual reality. The Advanced Communications and 
Information Technology Center (ACITC) at Virginia Tech is one of the most advanced 
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centers in the world. Very few manufacturers and designers have some oftheACITC 
softwares (Virginia Tech, 2006). The ACITC building houses nine activities, or centers, that 
support the development or use of information and communication. Technologies that are 
developed at the ACITC, along with the respective software AP Is (Application Program 
Interfaces) and applications, include the following: 
1. Visualization and Animation Group (UVAG) 
2. HPC (Handheld Personal Computers) AP Is for archiving and visualizing 
simulations in real-time 
3. DIVERSE (Device Independent Virtual Environment-Reconfigurable, Scalable, 
Extensible) Virtual Environment (VE) AP Is 
4. VE applications andDSOs (Dynamic Shared Objects) developed using the 
DIVERSE AP Is 
5. VE applications developed using the CAVE-Library APis 
6. VE DIVERSE software applications (Virginia Tech, 2006). 
As a part of their education, interior designers and architects are trained to think 
visually. However, often the individuals without such training who are going to use the 
designed environment can't visualize the final outcome. Virtual reality can be used to enable 
the user to experience the proposed built environment. Researchers Lindsey and McLain-
Kark (1998), at Virginia Tech, analyzed people's abilities to imagine themselves inhabiting a 
virtual space. They concluded that a virtual simulation could be a viable method for planning, 
creating, and testing environments before they are constructed or for creating recognizable 
simulations of existing environments, furnishings, and architectural components. Virtual 
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simulation may be used to assess planned environments and changes to existing 
environments. 
The Pritzker Prize-winner project. Even though virtual reality is less costly today 
than when it was introduced, very few architects and designers are using it to create better 
design solutions. However, the Pritzker Prize-winning architects, Jacques Herzog and Piene 
de Meuron, used computer-rendered perspectives and an expensively produced virtual tour, 
complete with ambient sound track, to gauge quickly and precisely a building's impact on its 
sunoundings. This innovative method helped to determine the environmental impact of a 
building when preservation was one ofthe major concerns in the project (Coupland, 2001). 
Figure 9. Bird's-eye view of architects Jacques Herzog and Piene de Meuron 's Project. 
(Coupland, 2001) 
Bowman's virtual reality projects. Doug Bowman, assistant professor of computer 
science in the College of Engineering at Virginia Tech, first used VE software during his 
graduate years at Georgia Tech University. He determined that the software needed to be 
more interactive and have a high level of functionality so that designers could use it 
exclusively to design and evaluate environments. 
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Since then, Bowman has worked on several other interesting projects, such as 
designing a space to create a 3-D sketchpad for architects. Bowman taught students how to 
design an animal habitat using virtual environments in the Atlanta Zoo project. In this project, 
he found that students' efficiency in designing the space was increased by using virtual 
environments. Currently, he is working with Walid Thabet, associate professor of building 
construction in The College of Architecture and Urban Studies (CAUS) at Virginia Tech 
University, who is interested in developing a tool that can be used to design a building's 
mechanical, electrical, and plumbing systems. Bowman is also working with Mehdi Setareh, 
associate professor of architecture at Virginia Tech, who wants to investigate the response of 
building structures to environmental effects such as earthquakes (Trulove, 2004 ). 
Future of virtual reality. Not only do computer modeling, image-editing, and virtual 
reality have clear utility as presentation and marketing tools, these technologies have strong 
potential as environmental/behavioral-simulation tools. Multiple studies have shown that 
virtual reality is going to be a vital part of the design process in the near future because it 
improves the productivity, captures the desired effect, and facilitates appraisal by the client. 
Future Perspective 
Currently, CAD software development is at an all-time high, and the developers' 
responsiveness to the design community has been excellent. Autodesk plans to grow into 
smart building systems that will include the following: 
1. Automatic building-cost analysis 
2. Automatic spec writing 
3. Structural engineering 
4. Design/building facilities 
5. Management 
6. Automatic wood framing 
7. Space planning 
8. HV AC (Heating, Ventilation, and Air-conditioning) ductwork interference 
checking 
9. Automatic building code checking (Moore, 2002). 
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Professor Doug Bowman recently received a $500,000 NSF CAREER grant to design 
the iDesign software framework. He is now developing immersive design tools with iDesign 
software in structural engineering, interior design, above-ceiling coordination, and 
architectural design. In an early stage of this research, he has designed cloning, a common 
unit that can be used in repetitive order to build complex 3-D structures. Software that is 
similar to iDesign could provide many more innovative uses that could serve the design 
industry in the near future (Trulove, 2004 ). 
One intriguing trend in computer technology is wearable computers, which may 
dominate the future of the computer. The computers may be designed small enough to fit 
comfortably on the body. A computer might be contained in eyeglasses, wristwatches, or 
clothing and would be far more portable than today's notebook or laptop computers or 
Blackberry. These portable computers might be developed to communicate with the user 
through voice transmission. This will make designers and architects more efficient in 
conveying their ideas to a client anywhere. 
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Virtual reality may be developed so inexpensively that even the smallest firm could 
afford to walk through the environments with a client by including some kind of immersive 
3-D effect using stereo glasses (McLain-Kark, 2000). 
Digital-painting software could be widely used in order to achieve the desired 
traditional painting effect. Photorealistic drawings are an effective presentation tool that 
seems destined to become more widespread. Denise Guerin of the University of Minnesota 
adds that we are almost surely going to see some ofthe beauty of manual drafting put back 
into technology (Taute, 2005). 
Computer aided physical model-making devices such as the 3-D printer and laser 
cutter are becoming popular. Such devices may become a routine part of the design process. 
More and more educators are also interested in the use of CAD in the early phases ofthe 
design process, such as schematic design. Therefore, CAD software may be developed that 
can be used throughout the design process. 
Currently, the design industry (such as architects and interior designers) uses CAD 
applications and software programs that have been tailored to meet their needs. They have 
shown that there is a viable market for these types of applications; new software will 
continue to be developed for both the highly skilled professionals and the novice. Whether 
designers create 2-D working drawings, review 3-D study models on a monitor, or 
experience full-immersion virtual reality, the use of these technologies will assist them in 
better serving their clients. Providing more comprehensive services in the design field can 
only lead to better interior environments for all. It can be hoped that architects and interior 
designers will take the initiative in assisting in the development of future technologies. The 
next step is to push the limits ofthe virtual reality so that designers can create computer-
generated design environments where users truly feel like they are there. 
Summary 
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In conclusion, the literature review indicated that computer technology has become an 
integral part of design in that it gives designers more freedom, options, and choices in 
resolving a particular problem. Technology has also impacted the speed of service to clients. 
People want instant communication, as evidenced by increased use of e-mail, sharing files 
online, and portable devices such as PDAs (Personal Digital Assistant) and Blackberry 
(Taute, 2005). Most designers have accepted the idea that computers can produce outstanding 
presentations. Still, some designers think that computer drawings are too cold and lack the 
character of hand drawings. The literature review indicated that no research has been done to 
compare interior design students' perceptions and use of CAD to the interior design 
practitioners' perceptions and use of the CAD. Denise Guerin noted that every year, college 
graduates start their careers as interior designer practitioners well equipped with knowledge 
of the latest software, and older designers are still clinked to their drafting boards, colored 
pencils, and sketchbooks. Free exchange of information got lost in the middle (Taute, 2005). 
Therefore, it was important to examine and compare interior designers' and interior design 
students ' perceptions of CAD in order to encourage communication between these two 
groups. 
CHAPTER 3 
RESEARCH METHODS 
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This chapter discusses the research design, data-collection method, and data analysis 
that were used in this study. A survey was conducted that used a self-administered 
questionnaire to collect data regarding interior designers' and interior design students' 
perceptions and use of CAD (computer aided design). Descriptive and correlational data 
analysis was conducted, using SPSS software, to summarize the data and identify statistically 
significant differences between the practitioners and the students. 
Research Problem 
Developments in CAD are at an all-time high, but there is still much debate about its 
use. Does it make designers more creative? What are interior design practitioners' and 
interior design students' perceptions of CAD? Students are often learning the latest versions 
of CAD software and related technology; designers may be using older versions of 
technology. There is very little information available that identifies the CAD software that 
designers are using or which software programs students are learning. Therefore, the 
perceptions of these two groups about CAD remained unknown to each other, as well as to 
software designers. Ifthe software programmers do not understand the design process, they 
cannot effectively produce software for the practitioners and students in the design field. The 
need to compare interior designers' perceptions with students' perceptions of CAD in order 
to facilitate better exchange of information, with each other and with software designers, was 
the driver for this study. 
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Research Questions 
The study determined what difficulties interior design practitioners and students faced 
when using CAD, what software they were using, and what they would like to see improved 
in it near future (see Figure 1 ). 
The two hypothesis for the study were the following: 
Hypothesis 1: There are statistically significant differences between students' and 
design practitioners' perceptions of CAD at the 0. 5 level of probability. 
Hypothesis 2: There are statistically significant differences between students ' and 
design practitioners' use of CAD at the 0.5 level of probability. 
Research questions for this study included the following: 
1. Are there statistically significant differences between interior designers' and 
interior design students' use of CAD? 
2. Are there statistically differences between interior designers' and interior design 
students' perceptions of CAD? 
3. Are there statistically significant differences between interior designers and interior 
design students regarding issues with CAD use? 
4. Are there statistically significant differences between interior designers' and 
Interior design students ' expectations for improvements in CAD? 
Study Variables and Attributes 
This research project, to evaluate differences between interior designers ' and interior 
design students ' perceptions of CAD and CAD use, implemented the quantitative research 
paradigm. A survey using a self-administered questionnaire, delivered via e-mail, was used 
to fully understand both groups' perceptions and use of CAD (see Table 4). 
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Variables and their attributes were drawn from the literature, as enumerated in the 
research questions. Descriptive data were collected to better understand the two groups (see 
Table 4 for identification of the study variables and their attributes). 
M ethodology!Research Design 
The research design paradigm was quantitative, using probability theory to generalize 
from the random sample to the population. Interior designers and students of interior design 
in Michigan constituted the population. The study sample was composed of 100 interior 
design practitioners in SE Michigan (ASID members) and 100 university students of interior 
design. A list of the Michigan chapter of ASID (American Society of Interior Design) 
members was obtained. Then, 100 designers were selected by using systematic random 
sampling. Students who were ASID members studying in FIDER (Foundation for Interior 
Design Education and Research) were identified, and 100 students were selected to 
participate in the study by using systematic random sampling for the study. Questionnaires 
were sent to these 200 participants by e-mail. After a follow up e-mail encouraging 
participation was sent, the response rate was 37% for practitioners and 36% for students. The 
data were transcribed and then analyzed by using SPSS software for descriptive and 
comparative statistical analysis. 
Human Subjects Review Committee Approval 
Request for approval for research involving human subjects was submitted to Eastern 
Michigan University. Participants' informed consent for participation was requested in the 
cover letter that prefaces the survey. The research did not involve any perceived risks to the 
subjects, nor were there any direct benefits to the participants. Indirect benefits included 
contributing to the body of knowledge ofthe profession, which was a potential benefit for 
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interior design practitioners, educators, students, and CAD software designers. Anonymity 
was protected, as questionnaires were coded so as not to identify the respondents. All 
information was stored in a locked file cabinet or in a password-protected computer file. 
Access to the survey was limited to the researcher and the committee members. All 
questionnaires were destroyed at the end of the research project. Identities of individual 
respondents were not disclosed. Only aggregate data were reported. Approval was granted to 
conduct the study by the College of Technology HSRC (Human Subjects Research 
Committee). 
Data Collection 
The questionnaires were designed to measure respondents' perceptions of CAD. The 
study utilized two questionnaires to collect the data. The first questionnaire was for members 
ofthe ASID Michigan Chapter, and the second was for ASID students who attended FIDER 
(Foundation for Interior Design Education and Research) accredited interior design programs. 
Questionnaires were pretested to check reliability. Face validity and content validity was 
established with the literature review, and approval was granted by a content specialist on the 
faculty at Eastern Michigan University. Questionnaires were sent to these 200 participants by 
using Surveyz software to distribute the questionnaires via e-mail. In addition to demographic 
information, Likert-type response sets and closed-ended questions were used to evaluate the 
participants' perceptions, experiences, and expectations regarding CAD. 
Data Analysis 
Respondents completed and returned the questionnaires, using e-mail. Once the 
questionnaires were returned, the data were transcribed to a spreadsheet for transfer to SPSS 
(Statistical Package for the Social Sciences) for descriptive and comparative statistical 
analysis. 
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Table 4 
Variables and their Attributes 
Concept Variable Attributes Operati onalizati on 
CAD software Designers' preferred 1. Hand drawings In general, which media do you 
expenence media 2. CAD drawings prefer to use? 
Proportion of CAD work 1. 0% CAD What percent of your work is 
2. About 25% CAD done using CAD software? 
3. About 50% CAD 
4. About 75% CAD 
5. 100% CAD 
CAD education 1. Have not learned How did you learn to use CAD 
touse CAD software? Please mark all that 
2. Taught myself apply. 
3. Colleague taught 
me 
4. Component of 
2 year degree 
5. Component of 
4 year degree 
6. Component of MS 
degree 
7. CEUCAD 
instruction 
8. Software 
manufacturer's 
instructional 
program 
9. Other 
Length of time CAD 1. Don't use CAD How many years have you been 
used 2. 1 year or less using CAD software? 
3. 2-5 years 
4. 6-10 years 
5. > 10 years 
CAD software used most 1. None What CAD software do you use 
often 2. AutoCAD most often? 
3.ADT 
4. Rev it 
5. Micrstation 
6. ArchiCAD 
7. InteliCAD 
8. Vectorworks 
9. CADVance 
10. Other 
Version of CAD used 1. Yes Do you use the latest version of 
2. No your CAD software? 
(table continues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
Frequency of CAD 1. Every year How often do you upgrade your 
upgrade 2. 2 to 3 years CAD software? 
3. 4 to 5 years 
4. More than 5 years 
5. Never 
CAD access at home 1. No Can you access CAD at home? 
2. Yes 
Experience with virtual 1. No Have you ever-experienced 
reality software 2. Once virtual reality? 
3. A few times 
4. Many times 
Clients' preferences for 1. Do not want CAD What drawings do the majority 
CAD drawings of your clients want you to 
2. 2-D drawings produce using CAD? Please 
3. 3-D drawings mark all that apply. 
4. Renderings 
5. Animation 
6. Other 
CAD software use Scope of CAD work 1. Do not use CAD For what purpose do you use 
2. 2-D drawings CAD software? Please mark all 
3. 3-D drawings that apply. 
4. Image editing 
5. Rendering 
6. Animation 
7. Other 
When CAD software is 1. Do not use CAD In what segment of the design 
used 2. Programming process do you routinely use 
3. Schematics CAD software? Please check all 
4. Conceptual that apply. 
development 
5. Design exploration 
6. Design 
development 
7. Presentation 
drawings 
8.Production 
drawings 
9. Post-occupancy 
evaluation 
10. Other 
(table continues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
Rendering software used 1. None Which software do you use for 
2.AutoCAD rendering? 
3. Micrstation 
4. ArchiCAD 
5. InteliCAD 
6. Vectorworks 
7. Sketch up 
8. MiniCAD 
9. CADVance 
10. VIZ Render 
11. 3-D Studio Max. 
12. Revit AccuRender 
13. Vue 
14.FonnZ 
15.0ther 
Animation software used 1. None Which software do you use for 
2. AutoCAD animation? 
3. Micrstation 
4. ArchiCAD 
5. InteliCAD 
6. Vectorworks 
7. Sketch up 
8. MiniCAD 
9. CADVance 
10. VIZ Render 
11. 3-D Studio Max. 
12. Revit AccuRender 
13. Vue 
14. FonnZ 
Image editing software 1. None Which image editing software do 
used 2. Ability Photopaint you use? 
3. ACD Canvas 
4. Adobe Photoshop 
5. Alias Sketchbook 
Coadedco1or 
6. Corel painter 
7. Corel PaintShop 
Pro 
8. Corel Photo-Paint 
Graphic Converter 
9. Macrom edia 
fireworks 
10. Microsoft Office 
Picture Manager 
11. Microsoft Paint 
Open Canvas 
12. PicMaster 
13. Ultimate Paint 
14. Other 
(table continues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
Reasons not used 1. Cost of personal If NONE, what are the 
copy of software reasons for that? 
2. Time to research 
options and learn 
how to use it 
3. Don't know how to 
use it 
4. Prefer to do it by 
hand 
5. Client/instructor 
don't ask it 
7. Other 
Image editing software 1. None Do you use image editing 
used to create non- photo 2. Ability Photopaint software to create non-
realistic renderings 3. ACD Canvas photorealistic rendering? 
4. Adobe Photoshop 
5. Alias Sketchbook 
Coadedcolor 
6. Corel painter 
7. Corel PaintShop 
Pro 
8. Corel Photo-Paint 
Graphic Converter 
9. Macromedia 
fireworks 
10 . Microsoft Office 
Picture Manager 
11. Microsoft Paint 
Open Canvas 
12. PicMaster 
13. Ultimate Paint 
14. Other 
Reasons not used 1. Cost of personal If NO, what are the reasons for 
copy of software that? 
2. Time to research 
options and learn 
how to use it 
3. Don't know how to 
use it 
4. Prefer to do it by 
hand 
5. Client/instructor 
don't ask it 
7. Other 
(table continues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
Computer aided physical 1. Yes Do you use any computer aided 
model making device 2. No physical model making devices 
used (such as 3-D printer, laser 
printer)? 
Use of virtual reality 1. No Have you ever used virtual 
software 2. Once reality software? 
3. A few times 
4. Many times 
Perception of CAD Overall perception of Likret- type scale What is your overall perception 
CAD 1. Very negative of CAD? 
to 
2. Very positive 
Ease of learning to use Likrat type scale Do you agree with this 
CAD software 1. Not at all statement: In the past 5 years, it 
to has become easier to learn to use 
2. Completely CAD software. 
Enhancement in Likret- type scale Do you agree with this 
creativity 1. Not at all statement: My creativity is 
to enhanced when I use of CAD 
2. Completely software. 
Self perception Likret- type scale Do you agree with this 
1. Not at all statement: Using CAD software 
to makes me a better designer. 
2. Completely 
Marketability Likret- type scale Do you agree with this 
1. Not at all statement: Using CAD software 
to makes me more marketable. 
2. Completely 
Practitioners preference 1. Employee with Would you hire a new employee 
for employee better CAD with better CAD skills or better 
drawing skills hand drawing skills, with all 
2. Employee with other factors being equal? 
better hand drawing 
skills 
CAD Issues Problems experienced 1. Initial cost of What problems do you 
with CAD software software experience with CAD software? 
2. 3-D modeling Please mark all that apply. 
3. Rendering 3-D 
models 
4. Animating 3-D 
models 
5. Virtual reality 
6. Computer 
requirements to run 
CAD software 
7. File sharing issues 
8. Cost of upgrades 
9. Training 
opportunities 
10. Other 
(table continues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
Biggest problem with 1. Initial cost of Which one of these is the biggest 
CAD software software problem? 
2. 3-D modeling 
3. Rendering 3-D 
models 
4. Animating 3-D 
models 
5. Computer 
requirements to run 
CAD software 
6. File sharing issues 
7. Cost of upgrades 
8. Training 
opportunities 
9. Other 
Areas needing 1. Initial cost of In what areas would you like to see 
improvement software improvement in the near future? 
2. 3-D modeling Please rank order 1 '\ 2nd' and 3rd 
3. Rendering 3-D 
models 
4. Animating 3-D 
models 
5. Virtual reality 
6. Computer 
requirements 
to run CAD 
software 
7. File sharing issues 
8. Cost of upgrades 
9. Training 
opportunities 
10. Other 
Demographics Design specialization 1. Residential Practitioners: 
2. Retail What is your primary area of 
3. Restaurant design practice? 
4. Healthcare Students: 
5. Office After Graduation or finishing your 
6. Institutional degree in which of the following 
7. Other: domains you plan to specialize 
your work? 
Years of practice 1. <5 years Practitioners: 
2. 5-10 years How long have you been an 
3. 11-15 years interior design practitioner? 
4. 16-20 years 
5. > 20 years 
(table contmues) 
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Table 4 (continued) 
Concept Variable Attributes Operationalization 
NCIDQ certification 1. No Practitioners: 
2. Yes Do you have NCIDQ certification? 
Students: 
Do you plan to apply for NCIDQ 
certification when you are eligible? 
Gender 1. Male Are you male or female? 
2. Female 
Age 1. <25 years How old are you? 
2. 25-30 years 
3. 31-40 years 
4. 41-50 years 
5. > 50 years 
Other information To be determined Is there something else that you 
during data collection would like for us to know? 
and analysis 
Study program 1. 2 Year degree Students: 
2. 4year degree What is your program of the study? 
3. MS degree 
4. Other 
Credit hours completed 1. None Students: 
in CAD 2. 1-2 How many credit hours have you 
3. 3-4 completed in CAD 
4. 5-6 
5. 7-8 
6. 9-10 
7. More than 10 
Study Limitations 
1. No research was found in the literature review that evaluated students' and interior 
designers ' use and perceptions of CAD; therefore, the study could not be designed 
to expand an existing body of knowledge. 
2. This study was conducted in Michigan; a national study would be required to 
determine ifthere are regional differences regarding the perceptions and the use of 
CAD. 
3. The study provided a snapshot that describes perceptions and use of CAD in 2006. 
The outcome may not accurately reflect perceptions or use of CAD prior to or after 
2006. 
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Summary 
Chapter 3 summarized the thesis research project that used survey methodology to 
evaluate interior design practitioners ' and interior design students' perceptions and use of 
CAD. The self-administered questionnaires distributed via e-mail included questions about 
CAD use, perceptions of CAD, difficulties with CAD, future expectations about CAD, and 
demographics. After a follow-up e-mail, the response rate was 36.5% from a sample of 100 
practitioners and 100 students. The data were then transcribed and analyzed by using SPSS 
software for descriptive and comparative statistical analysis. Findings of the study will be 
discussed in Chapter 4. 
CHAPTER 4 
ANALYSIS and DISCUSSION 
The purpose ofthis chapter is to report the analysis of the data from questionnaires 
distributed to ASID practitioner members and ASID student members in July 2006 and to 
determine ifthere were statistically significant differences between them regarding their 
perceptions of CAD, CAD use, and improvements they would like to see in the near future. 
Two self-administered survey questionnaires were prepared for the study by using 
Surveyz software. These questionnaires were then pretested for reliability and validity by 
using a subgroup of interior design students and practitioners who were not ASID members. 
Some questions were modified after pretesting to improve clarity. The first round of 
questionnaires was then sent to 100 ASID practitioner members and 100 ASID student 
members via e-mail. Six weeks after the first round of questionnaires was sent, a second 
round of questionnaires was sent in order to increase response rate. 
The response rate for the study was 36.5% (n = 73) respondents; 37 ASID practitioner 
members and 36 ASID student members participated. The analysis was focused on four 
research questions established at the beginning ofthe study. SPSS software was used to 
analyze data. Descriptive statistical analysis was used to condense the data to better 
understand the perceptions of each group, and correlations were used to calculate statistical 
differences between the two groups. 
Demographic Characteristics of Respondents 
The variables for the concept demographic characteristics included gender, age, years 
of practice, area of specialization, NCIDQ certification, clients ' preference for CAD 
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drawings, preference for an employee's skill, program of study, college year completed in 
spring of 2006, and number of hours completed in CAD. 
Gender and Age 
Although the vast majority of designers were female (80%; n = 30), surprisingly 
almost 20% (n = 7) were male (see Table 5). All ofthe student respondents were female 
(100%). Statistically significant differences (p = 0.006) were found (see Table 5) at the 0.05 
level of probability. Almost half ( 46%; n = 17) of the designers were more than 40 years old 
(see Table 6), and almost as many ( 43%; n = 16) were 25 to 40 years old. Among ASID 
student members, surprisingly almost one third (31 %; n = 11) were more than 25 years old 
(see Table 6). Statistically significant differences (p = 0.000) were found (see Table 6) 
at the 0.05 level of probability. 
Table 5 
Students' and Designers' Gender Relationship 
Responses 
Student Designer Total 
Gender Male Count 0 7 7 
Percent .0% 9.6% 9.6% 
Female Count 36 30 66 
Percent 49.3% 41.1% 90.4% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Chi-Square Value df SiQnificance 
Pearson 7.533 1 0.006*** 
Minimum Expected Frequency 3.45 
Missing Responses 0 
***Statistically significant at p = 0.05 level of probability. 
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Table 6 
Students' and Desi?,ners 'A?,e Relationship 
Responses 
Student Designer Total 
Age Less than 25 years Count 25 4 29 
Percent 34.3% 5.4% 39.7% 
25-30 years Count 3 10 13 
Percent 4.1% 13.7% 17.8% 
31-40 years Count 6 7 
Percent 1.4% 8.2% 9.6% 
41-50 years Count 6 6 12 
Percent 8.2% 8.2% 16.4% 
More than 50 years Count 11 12 
Percent 1.4% 15.0% 16.4% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Chi-Square Value df Significance 
30.87 4 0.000*** 
Pearson 3 
Minimum Expected Frequency 3.45 
Missing Responses 0 
*** Stat1st1cally s1gn1f1cant at p = 0.05 level of probability. 
Design Specialization 
Regarding the primary area of specialization, the majority of practitioners' responses 
(25%; n = 21) indicated that they specialized in residential design (see Table 7), with a large 
minority designing offices (1 0. 7%; n = 9) or institutional settings (8.4%; n = 7). The largest 
number (16.6%; n = 14) of the students also indicated that they would like to specialize in 
residential design (see Table 7). Almost an equivalent (7.1 %; n = 6) number of students 
chose institutional and other (8.4%; n = 7), which included home renovation, commercial, 
hospitality, and furniture design. 
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Table 7 
Students' and Desi?,ners 'Desi?,n Specialization Relationship 
Responses 
Student Designer Total 
Design Residential Count 14 21 35 
specialization Percent 16.6% 25.0% 41.6% 
Retail Count 2 3 
Percent 1.2% 2.4% 3.6% 
Restaurant Count 5 2 7 
Percent 5.9% 2.4% 8.3% 
Health care Count 3 4 
Percent 3.6% 1.2% 4.8% 
Office Count 9 10 
Percent 1.2% 10.7% 11.9% 
Institutional Count 6 7 13 
Percent 7.1% 8.4% 15.5% 
Other Count 7 5 12 
Percent 8.4% 5.9% 14.3% 
Total* Count 37 47 84 
Percent 44.8% 55.2% 100.0% 
* More than one choice was selected. 
Years of Practice 
Almost half ( 45.9%) ofthe designers were found to have been practicing more than 15 
years, although the majority ofthe designers had been practicing 10 years or less (54%; n = 
20). It was unusual that both ends of the continuum (i.e. , numbers of years in practice) were 
represented but that the middle (16- 20 years) was not (see Table 8). 
NCIDQ Certification 
Among the respondents, more ofthe practitioners were NCIDQ certified (52.8%; n = 
19) than were not (see Table 9). It was encouraging to see that more than half were NCIDQ 
certified in a state that does not currently require certification. Almost all (97.2%; n = 35) of 
the students responded that they planned to take the NCIDQ certification exam when they 
were eligible (see Table 9), possibly reflecting a trend toward increased recognition of the 
need to differentiate certified from noncertified interior designers. Statistically significant 
differences (p = 0. 000) were found at the 0. 05 level of probability. 
Table 8 
Interior Design Practitioners' Years of Professional Practice 
Responses 
Designer 
Years of Less than 5 years Count 13 
practice Percent 35.1% 
5-10 year Count 7 
Percent 18.9% 
11-15 year Count 0 
Percent .0% 
16-20 years Count 5 
Percent 13.5% 
More than 20years Count 12 
Percent 32.4% 
Total Count 37 
Percent 100.0% 
Table 9 
Comparison of Students' and Designers' NCIDQ Certification Status 
Responses 
Student Designer 
NCIDQ No Count 19 
exam Percent 1.4% 26.4% 
Yes Count 35 17 
Percent 48.6% 23.6% 
Total Count 36 36 
Percent 50.0% 50.0% 
Chi-Square Value 
Pearson 22.431 
Minimum Expected Frequency 10 
Missing Responses 1* 
.. 
*** Stat1st1cally s1gn1f1cant at p = 0.05 level of probability. 
*One designer didn't respond. 
Total 
20 
27.8% 
52 
72.2% 
72 
100.0% 
df Significance 
1 0.000*** 
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Clients ' Preference for CAD 
As was expected, most designers (40.7%; n = 24) reported that their clients were 
interested in 2-D or 3-D CAD drawings (see Table 10). Only one was interested in 
animation. 
Preference for an Employee 's Skills 
Two thirds of designers (66.0%; n = 23) responded that they would prefer to hire an 
employee with better CAD skills than one with better hand-drawing skills (see Table 11). 
This suggests that students are expected to have well-developed CAD skills when they enter 
the workforce. 
Program of Study 
A vast majority (83.3%; n = 30) of student respondents were enrolled in 4-year degree 
programs. There were equivalent numbers (5.6%; n = 2) in 2-year degree programs, MS 
programs, and in other programs, such as 5-year dual Interior Architecture and Architecture 
programs (see Table 12). 
Credit Hours Student Had Completed in CAD 
When ASID student members were asked about hours completed in CAD education 
(see Table 13), almost half ( 41. 7%; n = 15) had completed 5-6 credit hours, and an almost 
equal number of students had completed more (28.7%; n = 10) or fewer credit hours (30.5%; 
n = 11). 
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Table 10 
Clients' Preference for CAD 
Responses 
Designer 
Clients' Do not want Count 10 
preferences CAD drawings 
for CAD 
Percent 16.9% 
2D Drawings Count 24 
Percent 40.7% 
3D Drawings Count 16 
Percent 27.1% 
Renderings Count 8 
Percent 13.6% 
Animation Count 
Percent 1.7% 
Total* Count 59 
Percent 100.0% 
* More than one choice was selected. 
Table 11 
Preference for an Employee's Skills 
Response 
Designer 
Preference One with the Count 23 
for better CAD 
employee skills Percent 66.0% 
One with the Count 12 
better hand Percent 
drawing skills 34.0% 
Total* Count 35 
Percent 100.0% 
* Two designers didn't respond. 
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Table 12 
Students' Program of Study 
Responses 
Student 
Program 2 year degree Count 2 
of study Percent 5.6% 
4 year degree Count 30 
Percent 83.3% 
MS degree Count 2 
Percent 5.6% 
Other Count 2 
Percent 5.6% 
Total Count 36 
Percent 100.0% 
Table 13 
Credit Hours Student Had Completed in CAD 
Responses 
Students 
Credit None Count 0 
hours Percent .0% 
completed 
in CAD 1 - 2 Count 3 
Percent 8.3% 
3-4 Count 8 
Percent 22.2% 
5-6 Count 15 
Percent 41.7% 
7-8 Count 3 
Percent 8.3% 
9- 10 Count 2 
Percent 5.6% 
More than 10 Count 5 
Percent 13.9% 
Total Count 36 
Percent 100.0% 
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Research Question One: Analysis and Discussion 
Are there any statistically significant differences between interior designers' and interior 
design students' use of CAD.? 
Multiple variables were examined to gain in-depth information about the concept 
experience with CAD use. Following is an analysis for each variable. 
Preferred Media Use 
In general, which media do you prefer to use? Preference for media was found to be 
similar for both groups, with fewer students preferring hand drawings. Twenty-two and two 
tenths percent (n = 8) of students and 31.4% (n = 11) of designers preferred to use hand 
drawing. No statistically significant differences were found at the 0.05 level of probability 
(see Table 14). 
Table 14 
Students' and Designers' Preferred Media Use 
Responses 
Student Designer Total 
Preffered media Hand drawing Count 8 11 19 
use Percent 11.3% 15.5% 26.8% 
CAD drawing Count 28 24 52 
Percent 39.4% 33.8% 73.2% 
Total* Count 36 35 71 
Percent 50.7% 49.3% 100.0% 
*Two designers didn't respond. 
Proportion ofCAD Work 
What percent of your work is done using CAD software.? The number of designers 
using CAD for 25% or less of their work (24.3%; n = 9) was almost the same as the number 
of students (22. 2%; n = 8). However, there was a major difference in the number using CAD 
more than 75% ofthe time, a little more than one third ofthe students (38.9%; n = 14), as 
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compared to almost two thirds (62.2%; n = 23) ofthe designers. This outcome was not what 
was anticipated given that the vast majority ofthe students (89.5%; n = 25) had more than 5 
credit hours of CAD; they were studying CAD but not using it for the majority of their work. 
It was also surprising to see the extremes that still exist regarding designers CAD use; 
whereas 18.9% of the designers were not using CAD for any of their work, almost two thirds 
ofthe designers (62.2%; n = 23) were using CAD for 75-100% for their work. Statistically 
significant differences (p = 0.000) were found at the 0.05 level of probability (see Table 15). 
Table 15 
Students' and Designers' Proportion of CAD Work 
Responses 
Student Designer Total 
Proportionof 0% Count 0 7 7 
CAD work Percent .0% 9.6% 9.6% 
1-25% Count 8 2 10 
Percent 11.0% 2.7% 13.7% 
26-50% Count 7 0 7 
Percent 9.6% .0% 9.6% 
51-75% Count 7 5 12 
Percent 9.6% 6.8% 16.4% 
76-100% Count 14 23 37 
Percent 9.2% 31.5% 50.7% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Chi-Square Value df SiQnificance I 
20.11 4 0.000*** 
Pearson 3 
Minimum Expected Frequency 3.45 
M issinQ Responses 0 
*** Stat1st1cally s1gn1f1cant at p = 0.05 level of probability. 
CAD Education 
How did you learn to use CAD software? Please mark all that apply. All of the 
students had CAD education (see Table 16), but more than one tenth ofthe designers' 
responses (10.9%; n = 6) indicated that they did not have any CAD education. Almost the 
same number of designers (38.2%; n = 21) and students (34.5%; n = 20) had learned CAD by 
themselves or were taught by a colleague. More than two fifths of the designers ( 45. 5%; n = 
25) and three fifths of the students (62.1 %; n = 36) had learned CAD as a component of their 
college degree. 
Length of Time CAD Was Used 
How many years have you been using CAD software? As was expected, the vast 
majority of the designers (81.1 % ; n = 30) and of the students (77. 8%; n = 26) had been using 
CAD for more than 2 years (see Table 17). Statistically significant (p = 0.000) differences 
were found at the 0. 05 level of probability. 
CAD Software Used Most Often 
What CAD software do you use most often.? All student respondents were using 
AutoCAD more often than any other CAD software (see Table 18). However, one fifth 
(21. 6%; n = 8) of all designer respondents were using software other than Auto CAD. This 
suggests that the students will be prepared for professional practice in most situations. 
Statistically significant (p = 0.000) differences were found at the 0.05 level of probability 
(see Table 18). 
Version ofCAD Used 
Do you use the latest version of your CAD software? About one half of the 
respondents were using the latest version ofCAD, 58.3% (n = 21) ofthe students and 47.1% 
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(n = 16) ofthe designers (see Table 19). No statistically significant difference was found at 
the 0.05 level ofprobability. 
Frequency ofUpgrade 
How often do you upgrade your CAD software? More than two thirds (69.7%; n = 
23) of the designers upgraded their CAD software every five years or less (see Table 20). 
Almost half of them were upgrading every three years or less ( 48.5%; n = 16). Surprisingly, 
given the evolution of the software, one fourth of the designers didn't upgrade their software 
at all (24.2%; n = 8). 
More than half(54.5%; n = 18) of students responded that they have access to an 
upgrade whenever their school upgrades computer software. This shows that the majority of 
the students depend on schools for access to current CAD software. Forty-five and five tenths 
(n = 15) ofthe students who did not depend on the schools for access to CAD software 
upgraded software every 3 years or less (see Table 21). 
CAD Access at Home 
Can you access CAD at home.'? Two thirds (66.7%; n = 24) of the students but only 
about half of the designers (52.8%; n = 19) had CAD access at their home. No statistically 
significant differences were found for CAD access at home at the 0.05 level of probability. 
This may mean that students are prepared to work at home after graduation. It remains to be 
seen ifthis will be an option (see Table 22). 
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Table 16 
Comparison of Students' and Designers' Source of CAD Education 
Responses 
Student Designer Total 
CAD Have not learned to Count 0 6 6 
Education use CAD Percent .0% 5.3% 5.3% 
Taught Count 20 21 41 
myself/Colleague Percent 
taught me 17.3% 19.1% 36.3% 
Component of college Count 36 25 61 
degree Percent 31.8% 22.2% 54.0% 
Instructional program Count 2 3 5 
Percent 1.0% 2.7% 4.4% 
Total* Count 58 55 113 
Percent 51.3% 48.7% 100.0% 
*More than one choice was selected. 
Table 17 
Students' and Designers' Length ofTime CAD was Used 
Responses 
Student Designer Total 
Length Don't use CAD Count 0 7 7 
of CAD Percent .0% 9.6% 9.6% 
use 
1 year or less Count 8 0 8 
Percent 11.0% .0% 11.0% 
2-5 years Count 25 6 31 
Percent 34.2% 8.3% 42.5% 
6-10 years Count 3 15 18 
Percent 4.1% 20.6% 24.7% 
More than 10 years Count 0 9 9 
Percent .0% 12.3% 12.3% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
d Significa 
Chi-Square value f nee 
Pearson 43.64 4 0.000*** 
Minimum Expected Frequency 3.45 
Missing Responses 0 
*** Stat1st1cally s1gn1f1cant at p = 0.05 level of probability. 
57 
Table 18 
CAD Software Used Most Often by Students and Designers 
Responses 
Student Designer Total 
CAD software None Count 0 7 7 
used most 
often 
Percent .0% 9.6% 9.6% 
AutoCAD Count 36 22 58 
Percent 49.3% 30.2% 79.5% 
Other Count 0 8 8 
Percent .0% 10.9% 10.9% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Valu d Significa 
Chi-Square e f nee 
18.36 3 0.000* 
Pearson 9 
Minimum Expected Frequency .99 
Missing Responses 0 
.. 
*Statistically significant at p = 0.05 level of probab1l1ty. 
Table 19 
Version ofCAD Used by Students and Designers 
Responses 
Student Designer Total 
Used most current Yes Count 21 16 37 
version of CAD Percent 30.0% 22.9% 52.9% 
No Count 15 18 33 
Percent 21.4% 25.7% 47.1% 
Total* Count 36 34 70 
Percent 51.4% 48.6% 100.0% 
*Three designers didn't respond. 
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Table 20 
Frequency ofSoftware Upgrade (Designers) 
Responses 
Designer 
Frequency Every year Count 3 
of upgrade Percent 9.1% 
2 to 3 years Count 13 
Percent 39.4% 
4 to 5 years Count 7 
Percent 21.2% 
More than 5 years Count 2 
Percent 6.1% 
Never Count 8 
Percent 24.2% 
Total* Count 33 
Percent 89.2% 
*Four designers didn't respond. 
Table 21 
Frequency ofSoftware Upgrade (Students) 
Response 
Student 
Frequency Every year Count 3 
of upgrade Percent 9.0% 
2 to 3 years Count 8 
Percent 24.2% 
4 to 5 years Count 
Percent 3.0% 
More than 5 Count 0 
years Percent .0% 
Whenever Count 18 
school does it Percent 54.5% 
Never Count 3 
Percent 9.0% 
Total* Count 33 
Percent 91.7% 
*Three students didn't respond. 
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Table 22 
Students' and Designers' CAD Access at Home 
Responses 
Student Designer Total 
CAD access Yes Count 24 19 43 
at home Percent 33.3% 26.4% 59.7% 
No Count 12 17 29 
Percent 16.7% 23.6% 40.3% 
Total* Count 36 36 72 
Percent 50.0% 50.0% 100.0% 
* One designer didn't respond. 
Experience with Virtual Reality 
Have you ever experienced virtual reality? Most of the students (80.6%; n = 29) and 
the designers (75.7%; n = 28) had not had any experience with virtual reality software. 
Surprisingly, more designers (24.3%; n = 9) than students (19.5%; n = 7) had experience 
with virtual reality (see Table 23). No statistically significant differences were found at the 
0.05 level ofprobability. 
Table 23 
Students' and Designers' Experience with Virtual Reality 
Responses 
Student Designer Total 
Experience No Count 29 28 57 
with virtual Percent 39.7% 38.4% 78.1% 
reality software 
Once Count 4 5 
Percent 5.4% 1.4% 6.8% 
A few times Count 2 8 10 
Percent 2.8% 10.9% 13.7% 
Many times Count 0 
Percent 1.4% .0% 1.4% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
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Scope ofCAD Work 
For what purpose do you use CAD software? Very few of the designers (12.5%; n = 
7) and none ofthe students (0%; n = 0) reported not using CAD at all (see Table 24). Almost 
half of the designers ( 46.7%; n = 28) and the students ( 46.5%; n = 34) repotied that they used 
CAD for 2-D drawings. This indicated that CAD is most often used for 2-D drawings in both 
the groups. Students (34.2%; n = 25) used CAD for 3-D drawings more often than did 
designers (25%; n = 14). Twice as many (19.2%; n = 14) students responses as designers 
(12.3%; n = 7) reported that they used CAD for animation (see Table 24). 
Table 24 
Students' and Designers ' Scope ofCAD Work 
Responses 
Student Designer Total 
Scope Do not use CAD Count 0 7 7 
of CAD 
work 
Percent .0% 5.4% 5.4% 
2D Drawings Count 34 28 62 
Percent 26.3% 21.7% 48.0% 
3D Drawings Count 25 14 39 
Percent 19.4% 10.8% 30.2% 
Renderings Count 14 7 21 
Percent 10.8% 5.5% 16.3% 
Total* Count 73 56 129 
Percent 56.6% 43.4% 100.0% 
* More than one choice was selected. 
When CAD Software is Used 
In what segment of the design process do you routinely use CAD software? As might 
be expected, responses (students: 22.8%, n = 29; designers: 10.7%, n = 15) indicated that 
students used CAD more frequently than designers for design exploration and design 
development (students: 25.2%, n = 32; designers: 17.9%, n = 25). For all other attributes, 
designers' responses exceeded students' responses. Students (2.4%; n = 3) might have used 
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CAD less frequently than designers (14.3%; n = 20) for production drawings because ofthe 
limited need for production drawings while enrolled in classes. None of the students 
indicated having used CAD for post occupancy evaluation. This may be not be a part of 
design education. 
Similarities were found for the use of CAD for programming (designers: 6.4%, n = 9; 
students: 3.9%, n = 5), schematics (designers: 12.1%, n = 7; students: 12.6%, n = 16), 
conceptual development (designers: 14.3%, n = 20; students: 11.8%, n = 15), and 
presentation drawings (designers: 17.1%, n = 24; students: 15.7, n = 20) (see Table 25). 
Table 25 
When CAD Software is Used by Students and Designers 
Responses 
Student Designer Total 
When Don not use CAD Count 7 7 14 
CAD 
software 
Percent 2.6% 2.6% 5.2% 
is used Programming Count 5 9 14 
Percent 1.9% 3.3% 5.2% 
Schematics Count 16 17 33 
Percent 6.0% 6.3% 12.3% 
Conceptual development Count 15 20 35 
Percent 5.6% 7.5% 13.9% 
Design exploration Count 29 15 44 
Percent 10.9% 5.6% 16.5% 
Design development Count 32 25 57 
Percent 11.9% 9.4% 21.3% 
Presentation drawings Count 20 24 44 
Percent 7.5% 9.0% 16.5% 
Production drawings Count 3 20 23 
Percent 1.1% 7.5% 8.6% 
Post occupancy Count 0 3 3 
evaluation Percent .0% 1.1% 1.1% 
Total* Count 127 140 267 
Percent 47.6% 52.4% 100.0% 
* More than one choice was selected. 
Rendering Software Used 
Which software do you use for rendering? The largest percentages of students 
( 44.4%; n = 16) used AutoCAD as rendering software, whereas only a few designers (5.6%; 
n = 2) used it for rendering (see Table 26). In contrast to this, two thirds of designers (63.9%; 
n = 23) did not use any rendering software whereas less than one third of the students 
(30.6%; n = 11) didn't use any software for rendering. 
Interestingly, a large minority (16.7%; n = 6) ofthe designers and ofthe students 
(11.1 %; n = 4) used "other" software for rendering. Designers as well as students are 
investigating new software that is currently available in the market. Statistically significant 
differences were found between students and designers at the 0.05 level of probability (see 
Table 26). 
Animation Software Used 
Which software do you use for animation? It was not surprising to find that the vast 
majority of the students (88.9%; n = 32) and of the designers (88.9%; n = 32) did not use any 
software for animation. No statistically significant differences were found between students 
and designers at the 0.05 level of probability (see Table 27). 
Image-editing Software Used 
Which image-editing software do you use? The majority ofthe designers (59.5%; n = 
22) and more than one third of the students (36.1 % ; n = 13) did not use any image-editing 
software at all. More than half of the students (55.6%; n = 20) and almost one third of the 
designers (29.7%; n = 11) chose adobe Photoshop for image-editing (see Table 28). 
Statistically significant differences were not found between students and designers at the 0.05 
level of probability. 
62 
Table 26 
RenderinR Software Used by Students and DesiRners 
Responses 
Student 
Rendering None Count 11 
software 
used Percent 
15.3% 
Auto CAD Count 16 
Percent 22.2% 
ArchiCAD Count 
Percent 1.4% 
Sketch Up Count 3 
Percent 4.2% 
VIZRender Count 
Percent 1.4% 
Other Count 4 
Percent 5.5% 
Total* Count 36 
Percent 50.0% 
Chi-Square Value 
18.02 
Pearson 4 
Minimum Expected Frequency 0.50 
Missing Responses 1 
***Statistically s1gn1f1cant at p = 0.05 level of probab1l1ty. 
*One designer didn't respond. 
Reasons for not Using Image-Editing Software 
Designer 
23 
31.9% 
2 
2.8% 
0 
.0% 
5 
6.9% 
0 
.0% 
6 
8.4% 
36 
50.0% 
df 
5 
Total 
34 
47.2% 
18 
25.0% 
1.4% 
8 
11.1% 
1.4% 
10 
13.9% 
72 
100.0% 
Significance 
0.00*** 
If NONE, what are the reasons for that? When asked about their reasons for not using 
any image-editing software, ''time to research options and learn how to use it" ( 41. 9%; n = 
13) and "don't know how to use it" (25.8%; n = 8) were the responses cited most frequently 
by students. Forthe designers, "don't know how to use it" (30.5%; n = 11) and "clients don't 
ask for it" (27.7%; n = 10) were the most frequent responses. It is interesting that time was a 
greater restraint for students than for designers (see Table 29). 
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Table 27 
Animation Software Used by Students and Desi?,ners 
Responses 
Student Designer Total 
Animation None Count 32 32 64 
software 
used 
Percent 44.4% 44.4% 88.8% 
Auto CAD Count 2 0 2 
Percent 2.8% .0% 2.8% 
Microstation Count 0 
Percent .0% 1.4% 1.4% 
Sketch Up Count 0 2 2 
Percent .0% 2.8% 2.8% 
VizRender Count 0 
Percent 1.4% .0% 1.4% 
30 Studio Max Count 0 
Percent 1.4% .0% 1.4% 
Other Count 0 
Percent .0% 1.4% 1.4% 
Total* Count 36 36 72 
Percent 50.0% 50.0% 100.0% 
*One designer didn't respond. 
Use of Image-editing Software to Create Non-photorealistic Renderings 
Do you use image-editing software to create non-photorealistic rendering? The vast 
majority ofthe designers (88.6%; n = 31) and ofthe students (75%; n = 27) did not use 
image-editing software to create non-photorealistic renderings (see Table 30). However, the 
number ofthe students (25%; n = 9) who did use it was more than double the number of the 
designers (11.4%; n = 4). This may suggest that a greater number of designers will use 
image-editing software in the near future as students join the work force. Statistically 
significant differences were not found at the 0.05 level of probability. 
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Table 28 
JmaRe-editinR Software Used by Students and DesiRners 
Responses 
Student Designer Total 
Image None Count 13 22 35 
editing 
software 
Percent 17.8% 30.1% 47.9% 
used ACD Canvace Count 0 
Percent 1.4% .0% 1.4% 
Adobe Photoshop Count 20 11 31 
Percent 27.8% 14.7% 42.5% 
Corel Painter Count 0 
Percent .0% 1.4% 1.4% 
Corel Paintshop Pro Count 0 2 2 
Percent .0% 2.7% 2.7% 
Microsoft office Count 2 
picture manager Percent 1.3% 1.3% 2.6% 
Other Count 0 
Percent 1.4% .0% 1.4% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Table 29 
Students' and Designers' Reasons for Not Using Image-Editing Software 
Responses 
Student Designer Total 
Reasons Clients/instructor don't Count 5 10 15 
for not ask it Percent 7.4% 14.9% 22.3% 
using 
image Prefer to do it by hand Count 2 5 7 
editting Percent 3.0% 7.4% 10.4% 
software Don't know how to use it Count 8 11 19 
Percent 11.9% 16.4% 28.3% 
Time to research option Count 13 5 18 
and learn how to use it Percent 19.4% 7.4% 26.8% 
Cost of software Count 3 5 8 
Percent 4.5% 7.4% 11.9% 
Total* Count 31 36 67 
Percent 46.2% 53.7% 100.0% 
*More than one response was selected. 
Table 30 
Students and Designers Use of Image- editing Software to Create Non-photorealistic 
Renderings 
Responses 
Student Designer Total 
Use of I mage editting Yes Count 9 4 13 
software to create Percent 12.7% 5.6% 18.3% 
non-photorealistic 
renderings No Count 27 31 58 
Percent 38.0% 43.7% 81.7% 
Total* Count 36 35 71 
Percent 50.7% 47.3% 100.0% 
*Two of the designers didn't respond. 
Reasons for not Using Image-editing Software to Create Non-photorealistic Renderings 
If NO, what are the reasons for that.? One-third of the designers (33.3%; n = 14) 
and more than one fourth of the students (28.2%; n = 13) reported that they do not know 
how to use image-editing software to create non-photorealistic renderings. More than one 
third ofthe students (39.1 %; n = 18) indicated that they do not have time to research options 
and learn how to use it. Almost one fourth of the designers either chose to do image-
editing by hand (23. 8%; n = 10) or said that clients do not ask for it (23. 8%; n = 1 0; see 
Table 31). 
Computer-Aided Physical Model-Making Devices Used 
Do you use any computer-aided physical model-making devices (such as 3-D printer 
or laser printer).? The vast majority of both the students (80.6%; n = 29) and designers 
(91.9%; n = 34) did not use any "computer-aided physical model-making devices" (see Table 
32). Not surprisingly, more students (19.4%; n = 7) had used this device than designers 
(8.1 %; n = 3). This may suggest that more designers will use it in the near future as these 
students graduate. There were no statistically significant differences found between students 
and designers at the 0.05 level of probability. 
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Table 31 
Students and Designers' Reasons for Not Using Image-editing Software to Create Non-
photorealistic Renderings 
Responses 
Student Designer Total 
Reasons for not Cost of softvvare Count 5 3 8 
using image Percent 5.7% 3.3% 9.0% 
editting softvvare 
Time to research option Count 18 5 23 create non-
photorealistic and learn how to use it Percent 
renderings 20.5% 5.6% 26.1% 
Don't know how to use it Count 13 14 27 
Percent 14.8% 15.8% 30.6% 
Prefer to do it by hand Count 5 10 15 
Percent 5.6% 11.4% 17.0% 
Clients/1 nstuctors don't Count 5 10 15 
ask for it Percent 5.6% 11.4% 17.0% 
Total* Count 46 42 88 
Percent 52.2% 47.7% 100.0% 
*More than one choice was selected. 
Table 32 
Computer-Aided Physical Model-Making Devices Used by Students and Designers 
Responses 
Student Designer Total 
Computer aided Yes Count 7 3 10 
physical model Percent 9.6% 4.1% 13.7% 
making devices used 
No Count 29 34 63 
Percent 39.7% 46.6% 86.3% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Use of Virtual Reality 
Have you ever used virtual reality software? The vast majority of the students 
(94.4%; n = 32) and ofthe designers (86.5%; n = 32) had not used virtual reality software 
(see Table 33). It was surprising to find that more of the designers (13.5%; n = 5) than 
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students (5.6%; n = 2) had used virtual reality software. No statistically significant 
differences were found between student and designers at the 0.05 level of probability. 
Table 33 
Students' and Designers' Use of Virtual Reality 
Responses 
Student Designer Total 
Use of virtual No Count 34 32 66 
reality software Percent 46.6% 43.8% 90.4% 
Once Count 2 3 
Percent 2.7% 1.4% 4.1% 
A few times Count 0 4 4 
Percent .0% 5.5% 5.5% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Research Question Two: Analysis and Discussion 
Are there any statistically significant differences between interior designers' and interior 
design students' perceptions ofCAD? 
Multiple variables were examined to gain in-depth information about the concept 
perception of CAD, in both respondent groups. Following is an analysis for each variable. 
Overall Perception of CAD 
What is your overall perception of CAD? When the variable, overall perception of 
CAD, was analyzed (see Table 34), the vast majority of both groups were positive. Designers 
(54.1 %; n = 20) chose "very positive" more often than did students (34.3%; n = 12); 
however, when "somewhat positive" and ''very positive" were combined, a larger percentage 
of students (85. 7%; n = 30) than of designers (78.4%; n = 29) had a positive perception of 
CAD. Statistically significant differences were found at the 0.05 level of probability. 
Table 34 
Students' and Desi?,ners' Overall Perception of CAD 
Responses 
Student 
Overall Very negative Count 2 
perception 1.00 
of CAD Percent 
2.8% 
2.00 Count 
Percent 1.4% 
3.00 Count 2 
Percent 2.8% 
4.00 Count 18 
Percent 25.0% 
5.00 Count 12 
Very positive Percent 16.7% 
Total* Count 35 
Percent 48.6% 
Valu 
Chi-Square e df 
9.73 4 
Pearson 0 
Minimum Expected Frequency 1.97 
Missing Responses 1 
***Statistically significant at p = 0.05 level of probability. 
*One student didn't respond. 
Ease of Learning to Use CAD Software 
Designer Total 
0 2 
.0% 2.8% 
2 
1.4% 2.8% 
7 9 
9.7% 12.5% 
9 27 
12.5% 37.5% 
20 32 
27.7% 44.4% 
37 72 
51.4% 100.0% 
Significa 
nee 
0.045*** 
Do you agree with this statement: In the past 5 years, it has become easier to learn 
to use CAD software? Students and the designers were found to have similar responses; the 
vast majority ofthe students (85.7%; n = 30) and more than three fourths ofthe designers 
(78.4%; n = 29) responded that CAD software has become somewhat or completely easier to 
learn to use in the past 5 years (see Table 35). Statistically significant differences were not 
found at the 0.05 level of probability. 
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Table 35 
Ease of Learning to Use CAD Software for Students and Designers 
Responses 
Student Designer Total 
Ease of Not at all Count 3 4 
learning to 
use CAD 
1.00 Percent 1.4% 4.1% 5.5% 
software 2.00 Count 2 6 8 
Percent 2.7% 8.3% 11.0% 
3.00 Count 11 8 19 
Percent 15.0% 11.0% 26.0% 
4.00 Count 11 14 25 
Percent 15.0% 19.2% 34.2% 
5.00 Count 11 6 17 
Completely Percent 15.0% 8.3% 23.3% 
Total Count 36 37 73 
Percent 49.3% 50.7% 100.0% 
Enhancement in Creativity 
Do you agree with this statement: My creativity is enhanced when I use ofCAD 
software. Even though the majority ofthe students (75%; n = 27) and ofthe designers 
(53.9%; n = 23) agreed that their creativity was somewhat enhanced when they used CAD, 
one fourth of the students (25%; n = 9) and more than one third of designers (36.1 %; n = 13) 
responded that the use of CAD did not make any difference in their creativity (see Table 36). 
Statistically significant differences were not found at the 0.05 level of probability. 
SelfPerception (Makes Me a Better Designer) 
Do you agree with this statement: Using CAD software makes me a better designer. 
Almost three-fourths ofthe students (72.2%; n = 26) and ofthe designers (71.5%; n = 25) 
agreed that using CAD software made them a better designer (see Table 37). Statistically 
significant differences were not found at the 0.05 level of probability. 
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Table 36 
Students' and Desi?,ners ' Enhancement in Creativity 
Responses 
Student Designer Total 
En han cement Not at all Count 4 8 12 
in creativity 1.00 Percent 5.5% 11.2% 16.7% 
2.00 Count 5 5 10 
Percent 6.9% 6.9% 13.8% 
3.00 Count 12 8 20 
Percent 16.7% 11.1% 27.8% 
4.00 Count 11 10 21 
Percent 15.3% 13.9% 29.2% 
5.00 Count 4 5 9 
Completely Percent 5.6% 6.9% 12.5% 
Total* Count 36 36 72 
Percent 50.0% 50.0% 100.0% 
*One designer didn't respond. 
Table 37 
Students' and Designers' Self-Perception (Makes Me a Better Designer) 
Responses 
Student Designer Total 
Self perception Not at all Count 6 5 11 
(makes a 1.00 Percent 
better 
8.4% 7.1% 15.5% 
designer) 2.00 Count 4 5 9 
Percent 5.6% 7.1% 12.7% 
3.00 Count 8 7 15 
Percent 11.2% 9.9% 21.1% 
4.00 Count 13 10 23 
Percent 18.3% 14.1% 32.4% 
5.00 Count 5 8 13 
Completely Percent 7.1% 11.2% 18.3% 
Total* Count 36 35 71 
Percent 50.7% 49.3% 100.0% 
*Two designers did not respond 
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Marketability 
Do you agree with this statement: Using CAD software makes me more marketable. 
Almost all of the students (97.2%; n = 34) and the vast majority of the designers (83.4%; n = 
30) responded that using CAD made them more marketable (see Table 38). Statistically 
significant differences were not found at the 0.05 level of probability. 
It was reassuring to find that students and designers had similar perceptions about the 
variables "Ease of learning to use CAD software," "Enhancement in creativity," "Self-
perception," and" Marketability," except "Overall perception of CAD," where students were 
more positive than designers. 
Table 38 
Students' and Desi?,ners 'Marketability 
Responses 
Student Designer Total 
Marketability Not at all Count 0 3 3 
1.00 Percent .0% 4.2% 4.2% 
2.00 Count 3 4 
Percent 1.4% 4.2% 5.6% 
3.00 Count 2 3 
Percent 1.4% 2.8% 4.2% 
4.00 Count 8 8 16 
Percent 11.2% 11.2% 22.4% 
5.00 Count 25 20 45 
Completely Percent 36.6% 26.8% 63.4% 
Total* Count 35 36 71 
Percent 49.2% 50.8% 100.0% 
* One student and one designer didn't respond. 
Research Question Three: Analysis and Discussion 
Are there statistically significant differences between interior designers and interior design 
students regarding issues with CAD use.? 
This concept included two variables: problems experienced with CAD software and 
the biggest problem with CAD. These two questions were used to collect data about CAD 
issues experienced by students and designers. 
Problems Experienced with CAD Use 
What problems do you experience with CAD software? Please mark all that apply. 
"initial cost of the software" was marked most frequently by both the students (28.3%; n = 
26) and the designers (23.6%; n = 17). Students (17.8%; n = 16) gave "rendering ofthe 3-D 
Model" the second highest number of marks, whereas designers (16.6%; n = 12) marked 
"cost of software upgrades." Perhaps because students hadn't yet updated software, they 
didn't recognize the concern. 
Overall, "initial cost of the software" (26.2%; n = 43) received the largest number of 
marks, with "cost of upgrade" (15.2%; n = 25) and "rendering 3-D model" (14.6%; n = 24) 
receiving the next highest numbers of marks (see Table 39). 
The initial cost of the software, rendering the 3-D model, 3-Dmodeling, cost of software 
upgrades, and computer requirements to run CAD software are problems experienced by 
both students and designers when they use CAD software. 
Biggest Problem with CAD 
Which one of these is the biggest problem? More than half of the students (52.9%; n = 
18), and almost half of the designers ( 48.3%; n = 14) reported "initial cost of software" as the 
biggest problem (see Table 40). The second largest number of designers (17.5%; n = 5) 
indicated that "cost of upgrades" was the biggest problem. Students (20.6%; n = 7) chose 
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"rendering 3-D model." No statistically significant differences were found at the 0.05 level of 
probability. 
Table 39 
Students' and Designers' Problems Experienced with CAD Use 
Responses 
Student Designer Total 
Problems Initial cost of software Count 26 17 43 
experenced 
with CAD 
Percent 15.8% 10.4% 26.2% 
software 3D modelling Count 13 8 21 
Percent 7.9% 4.9% 12.8% 
Rendering 3D model Count 16 8 24 
Percent 9.7% 4.9% 14.6% 
Animation of 3D model Count 7 5 12 
Percent 4.3% 3.0% 7.3% 
Virtual reality Count 5 5 10 
Percent 3.0% 3.0% 6.0% 
Computer requirements Count 6 8 14 
to run CAD software Percent 3.6% 4.9% 8.5% 
Sharing of files Count 4 3 7 
Percent 2.4% 1.9% 4.3% 
Cost of software Count 13 12 25 
upgrades Percent 7.9% 7.3% 15.2% 
Online training Count 2 6 8 
opportunities Percent 1.3% 3.6% 4.9% 
Total* Count 92 72 164 
Percent 56.7% 43.9% 100.0% 
*More than one choice was selected. 
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Table 40 
Students' and Designers' Biggest Problem with CAD 
Responses 
Student Designer Total 
Biggest Initial cost of software Count 18 14 32 
problem 
with CAD 
Percent 28.6% 22.2% 50.8% 
Rendering 3D model Count 7 8 
Percent 11.2% 1.5% 12.7% 
Animation of 3Dmodel Count 2 0 2 
Percent 3.2% .0% 3.2% 
Computer requirements Count 2 2 4 
to run CAD software Percent 3.2% 3.2% 6.4% 
File sharing issues Count 0 2 2 
Percent .0% 3.2% 3.2% 
Cost of upgrades Count 2 5 7 
Percent 3.2% 7.9% 11.1% 
Online training Count 2 
opportunities Percent 1.5% 1.5% 3.0% 
Other Count 2 4 6 
Percent 3.2% 6.3% 9.5% 
Total* Count 34 29 63 
Percent 53.9% 46.7% 100.0% 
*Two students and eight designers didn't respond. 
Research Question Four: Analysis and Discussion 
Are there statistically significant differences between interior designers' and interior 
design students' suggested improvements in CAD? 
In this concept, students and designers were asked to rank order a list of variable that 
identified potential improvements that should occur in the near future. 
Areas Needing Improvement 
In what areas would you like to see improvement in the near future? Please rank 
order 1st' ;td, and 3rd. 
The top five improvements reported by the students were as follows: 
1. Initial cost of software (30.6%; n = 30) 
2. Rendering 3-D model (17.3%; n = 17) 
3. Cost of yearly upgrades (16.3%; n = 16) 
4. 3-D modeling (12.2%; n = 12) 
5. Computer requirements to run CAD software (8.2%; n = 8) 
The top five improvements reported by the designers were as follows: 
1. Initial cost of CAD software (24.6%; n = 16) 
2. Cost of yearly upgrades (13.8%; n = 9) 
3. Rendering 3-D model (12.3%; n = 8) 
4. Online training opportunities ( 12.3%; n = 8) 
5. Computer requirements to run CAD software (10.9%; n = 6) 
Only "online training opportunities," "3-D modeling," and "rendering 3-D model" 
were not common to both users. Both students and designers identified "initial cost of 
software" as the first priority (see Table 41). 
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Table 41 
Students' and Designers' Choices for Areas Needing Improvement 
Responses 
Student Designer Total 
Areas Initial cost of software Count 30 16 46 
needing Percent 18.4% 9.8% 28.2% 
improvement 
30 modelling Count 12 5 17 
Percent 7.4% 3.0% 10.4% 
Rendeing 30 model Count 17 8 25 
Percent 10.4% 4.9% 15.3% 
Animation of 30 model Count 3 2 5 
Percent 1.8% 1.3% 3.1% 
Virtual reality Count 3 6 9 
Percent 1.8% 3.7% 5.5% 
Computer requirements Count 8 6 14 
to run software Percent 4.9% 3.7% 8.6% 
Sharing of files Count 2 5 7 
Percent 1.3% 3.0% 4.3% 
Cost of yearly upgrades Count 16 9 25 
Percent 9.8% 5.5% 15.3% 
Online training Count 7 8 15 
opportunities Percent 4.3% 4.9% 9.2% 
Total* Count 98 65 163 
Percent 60.2% 39.8% 100.0% 
*More than one choice was selected. 
Closing 
In Chapter 4, data collected by using two questionnaires were analyzed by using 
SPSS. The analysis indicated that participants within diverse age groups were included in 
the study. Statistically significant differences at the 0.05 level of probability were found 
between design practitioners and students for variables such as length of CAD use, scope of 
CAD work, rendering software used, overall perception of CAD, and issues with CAD use. 
Conclusions will be discussed in the Chapter 5. 
CHAPTER 5 
SUMMARY, RECOMMENDATIONS and CONCLUSIONS 
The study was designed to explore ASID student members' and ASID practitioner 
members' perceptions of CAD. One hundred participants of each group were randomly 
selected from the ASID Michigan Chapter list. The goal was to determine ifthere was a 
relationship between students ' and designers ' perceptions and use of CAD in terms ofthe 
following: 
• Overall perception 
• Ease of learning to use CAD 
• Increased marketability 
• Enhancement in creativity 
• Selfperception 
• Use ofCAD 
• Issues with CAD 
• Future improvements they would like to see in CAD 
Summary 
The mode was used for evaluation of the demographic variables as well as 
identification of general characteristics of the individual respondent surveyed in order to 
create a typical respondent. A typical designer was a female (81 %; n = 30) who was more 
than 40 years old ( 46%; n = 17). The designer had been practicing more than 5 years (64.9%; 
n = 24), specialized in residential design (44.7%; n = 21), and was NCIDQ certified (52.8%; 
n = 19). Designer preferred an employee with better CAD skills (66%; n = 23) and reported 
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that her clients preferred 2-D drawings ( 40.7%, n = 24). It should be noted that almost one 
fourth of designers said that their clients didn't prefer CAD drawings. 
A typical student respondent was a female (1 00%; n = 36), who was less than 25 years 
old (69.4%; n = 25); the student was enrolled in a four-year degree program (83.3%; n = 30), 
and had finished at least 5-6 credit hours of CAD education ( 41. 7%; n = 15) during the 
program of study. It was surprising to learn that both designers ( 44. 7%; n = 21) and students 
(37.8%; n = 14) who responded to the survey preferred to specialize in residential design. A 
typical student intended to take the NCIDQ exam when eligible (97.2%; n = 35). 
The majority of students (78%; n = 28) and designers (69%; n = 24) preferred CAD 
over hand drawings. It was surprising to see that extreme differences still existed among the 
designers, as one fifth (19%; n = 7) ofthe designers were not using CAD at all, whereas 
almost two thirds (62.2%; n = 23) ofthe designers were using CAD for 75-100% for their 
work. Statistically significant differences were found for ''work done using CAD." 
Even though there were a few (11 %; n = 6) designers who hadn't learned to use CAD, 
all of the students and most the designers (89%; n = 30) reported that they had learned CAD 
during their four-year college degree program. AutoCAD was the most used software among 
designers (59.5%; n = 22) and students (100%; n = 36%). Statistically significant differences 
were found for "CAD software used most often." The majority of designers (81.1 %; n = 30) 
had been using AutoCAD for more than 2 years. Students (100%; n = 36%) had been using 
AutoCAD for more than one year. Statistically significant differences were found for "length 
of CAD use." Greater numbers of students (59%; n = 21) than of designers (48%; n = 16) 
were using the latest version of CAD. The study found that most ofthe students (55%; n = 
18) upgraded their CAD software whenever the university did it for them, whereas the vast 
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majority of designers (90%; n = 33) upgraded their CAD software every 2-3 years, which is 
somewhat surprising for residential designers. The majority of the students (67%; n = 24) and 
designers (53%; n = 19) had access to CAD at home. Only a few students (19%; n = 7) and 
designers (24%; n = 9) had experienced virtual reality. 
All students and the majority (87%; n = 30) of designers used CAD. As might be 
expected, students used CAD more frequently for 3-D modeling, rendering, and animation 
than did designers. Statistically significant differences were also found in the research done 
by McConnell and Waxman in 1999 regarding CAD use (see Table 42). 
The research by McConnell and Waxman included 120 designers from IIDA, whereas 
this study included 37 members and 36 student members of the ASID Michigan Chapter. The 
random samples were drawn from similar populations. The persistence of the findings from 
1999 to 2006 suggests that universities are leading the profession (i.e., proactive, not 
reactive) regarding CAD use. It is difficult to understand why the percentage of students 
using CAD would be decreasing; the difference may be related to geographic differences. 
This requires additional research confirming the downward trend in order to understand the 
reasons for the phenomena. 
Table 42 
D esif!,n Students' Use ofCAD Software 
Study by McConnell, M. Study in 2006 by Patil, V. 
~Waxman, L. (1999) 2006) 
2-D drawings 68% 49.1% 
3-D drawings 49% 24.6% 
Rendering 35% 19.4% 
Animation 38% 12.3% 
The majority of designers (17.9%; n = 25) and students (25.2%; n = 32) used CAD for 
design development followed by design exploration, presentation drawings, conceptual 
development, and schematics. Very few were using CAD for programming or postoccupancy 
evaluation. Students didn't use CAD for production drawings as often (3%; n = 3) as 
designers did (15%; n = 20). This may have been because the volume of work is greater for 
designers than for students or because students do fewer projects that require production 
drawings. 
For renderings, AutoCAD was the most used software among the students ( 45%; n = 
16). On the other hand, fewer designers did renderings (37.8%; n = 14). But those that did 
preferred to use Sketch Up (14%; n = 5) and other (17%; n = 6) software for renderings. 
However, the majority of designers (64%; n = 23) didn't use any software for rendering. 
Nor did the vast majority of the students (89%; n = 32) or designers (89%; n = 32) use 
any software for animation. Students who did use software for animation (5.6%; n = 2) chose 
AutoCAD, and designers (5.6%; n = 2) chose Sketch Up. This shows a lack of consistency in 
the choice of rendering and animation software between students and designers. It may be 
that, students use software that is easily available at the university, which is typically 
AutoCAD (AutoDesk Inc., 2006a). This may influence professional practice when they 
graduate. 
This study found that most ofthe students (56%; n = 20) and many of the designers 
(30%; n = 11) preferred to use Adobe Photoshop more than any other image-editing 
software. When the reasons for not using image-editing software were analyzed, almost one 
third of the designers (31 %; n = 11) said that they did not know how to use image-editing 
software. About one-half of the students ( 42%; n = 13) said they did not have time to 
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research the software options and learn how to use it. This suggests that they are not learning 
to use alternative software in school. One fourth of the students (25%; n = 13) but very few 
designers (11.2%; n = 4) used image-editing software for creating non-photorealistic 
renderings. 
When reasons for not using image-editing software to create non-photorealistic 
renderings were analyzed, the responses were the same as for not using image-editing 
software. More than one-third of students ( 40%; n = 18) said that they did not have time to 
research options and learn how to use the software, where as one-third (34%; n = 14) of the 
designers said that they did not know how to use the software. Similarities were found 
between the groups as to reasons for not using image-editing software and not using it to 
create non-photorealistic renderings, suggesting that this technology is leading edge and not 
being taught in universities. 
The vast majority of students (81 %; n = 29) as well as the designers (92%; n = 34) 
didn't use any computer-aided physical model-making devices or virtual software (students: 
95%; n = 34, designers: 87%; n = 32). 
Interpretation of the data analysis concluded that students and designers have the same 
perceptions of CAD regarding ease of learning to use CAD and enhancement in creativity, 
marketability, and self-perception. As predicted at the start of the study, students were using 
CAD more frequently than designers. Surprisingly, though, students and designers had 
roughly strong positive perceptions of CAD, although students led in raw numbers (30 vs. 
29) and in percentages (86% vs. 78%). Designers (67%; n = 24) added that they would hire 
an employee with better CAD skills over one with better hand-drawing skills. 
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About one fourth of students (29%; n = 26) and the designers (24%; n = 17) agreed 
that the "initial cost of the software" was one of the biggest problems. Students also 
experienced problems in "3-D modeling, rendering 3-D model, and animations" (i.e., 
learning to use the software), whereas designers experienced problems in "cost of yearly 
upgrades, computer requirements to run CAD software (i.e., costs of using CAD software), 
and "online training opportunities." 
Students (53%; n = 18) and designers ( 49%; n = 14) ranked "initial cost of software" 
as their biggest area of concern. Students ranked "rendering 3-D model" and "cost of yearly 
upgrades" as the 2nd and 3rd categories in which they would most like to see improvements. 
Designers ranked "cost of yearly upgrades" as the 2nd, and "rendering 3-D model" and 
"online training opportunities" tied as the 3rd category in which they would most like to see 
improvements in the near future. 
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Table 43 
Summary of Descriptive Analysis 
Descriptive Statistics 
Designer Information: 
• A typical designer was a female, who was more than 40 years old. 
• Specialized in residential design, and was NCIDQ certified. 
• The designer had been practicing more than 5 years. 
• The majority of designers said their client's prefened 2-D drawings, followed 
by 3-D drawings and renderings. 
• Designers prefened an employee with better CAD skills over one with better 
hand drawing skills 
Student Information: 
• A typical student respondent was a female who was less than 25 years old. 
• Student respondent wanted to do specialization in residential design and 
intended to take the NCIDQ exam when eligible. 
• The student was enrolled in a four- year degree program, and had finished at 
least 5-6 credit hours of CAD education during their program of the study. 
Student and Designer Comparisons: 
• The majority of students and designers prefened to use CAD over hand 
drawings. 
• The study found that most of the students had access to upgrades for their CAD 
software whenever the university supplied; where as majority of designers 
upgraded their CAD software every 2-3 years. 
• The majority of designers had been using AutoCAD for more than 6 years and 
students had been using it 2-5 years. 
• The students and designers learned CAD during their four-year college degree. 
• AutoCAD was the most used software among designers and students. 
• More students were using the latest version of CAD than were the designers. 
• The majority of students and designers had access to CAD at home. 
• Very few students or designers had experienced virtual reality. 
• All students and the vast majority of designers used CAD. 
• Students used CAD more frequently for 3-D modeling, rendering, and 
animation than did designers. 
• The majority of students and designers were using CAD for design exploration, 
design development, presentation drawings, production drawings and 
schematics. 
• For renderings, AutoCAD was the most used software among the students. 
Designers prefened to use Sketch Up and other software for renderings, 
although most did not use software for rendering. 
• The vast majority of the students and designers didn't use any software for 
animation. 
(table continues) 
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Table 43 (continued) 
Descriptive Statistics 
• Students who did use software for animation chose AutoCAD, and designers 
chose Sketch Up. 
• The study showed that most of the students and designers preferred to use 
Adobe Photoshop for image-editing. 
• The majority of students did not have time to research options and learn how to 
use image-editing software where as the majority of designers said they did not 
know how to use the software. 
• The majority of students said they did not have time to research options and 
learn how to use image-editing software to create non-photorealistic renderings. 
Where as the majority of designers said they did not know how to use the 
software. 
• The vast majority of students, as well as designers didn't use any computer 
aided physical model making devices or virtual software for their work. 
• Students and designers have the same perceptions of CAD regarding: ease of 
learning to use CAD, enhancement in creativity, marketability, and self-
perception except overall perception ofthe CAD. 
• For most of the students and designers the initial cost of the software was the 
biggest problem. 
• Students experienced problems in initial cost of software, 3-D modeling, 
rendering, and animations. Where as designers experienced problems with cost 
of yearly upgrades, computer requirements to run CAD software, and lack of 
online training opportunities. 
• Most of the students and designers ranked initial cost of software as the area 
that needs to be improved in near future. 
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Table 44 
Summary of Statistical Analysis 
Research Questions I Variables Statistical Significance 
Q 1. Are there statistically significant 
differences between interior designers' 
and interior design students' use of 
CAD? 
Designers' prefen·ed media Not statistically significant at p = 
0.05 level ofprobability. 
Proportion of CAD work Statistically significant at p = 0.05 
level of probability. 
Length of Time CAD used Statistically significant at p = 0.05 
level of probability. 
CAD education NIA* 
CAD software used most often Not statistically significant at p = 
0.05 level ofprobability. 
Version of CAD used Not statistically significant at p = 
0.05 level ofprobability. 
CAD access at home Not statistically significant at p = 
0.05 level ofprobability. 
Experience with virtual reality software Not statistically significant at p = 
0.05 level ofprobability. 
Scope of CAD work NIA* 
When CAD software is used NIA* 
Rendering software used Statistically significant at p = 0.05 
level of probability. 
Animation software used Not statistically significant at p = 
0.05 level ofprobability. 
Image-editing software used Not statistically significant at p = 
0.05 level ofprobability. 
Reasons not used NIA* 
Image-editing software used to create Statistically not significant at the 
non- photo realistic renderings 0.05p level. 
Reasons not used NIA* 
Research Questions I Variables Statistical Significance. 
Computer aided physical model making Not statistically significant at p = 
device used. 0.05 level ofprobability. 
Use ofvirtual reality software Not statistically significant at p = 
0.05 level ofprobability. 
(table contmues) 
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Table 44 (continued) 
Research Questions I Variables Statistical Significance 
Q2. Are there any statistically 
significant differences between 
interior designers' and interior 
design students' perception of 
CAD.? 
Overall perception of CAD Statistically significant at p = 0.05 level 
of probability. 
Ease of learning to use CAD Not statistically significant at p = 0.05 
software level ofprobability. 
Enhancement in creativity Not statistically significant at p = 0.05 
level of probability. 
Self perception Not statistically significant at p = 0.05 
level ofprobability. 
Marketability Not statistically significant at p = 0.05 
level ofprobability. 
Q3. Are there statistically significant 
differences between interior 
designers and interior design 
students regarding issues with 
CAD use? 
Problems experienced with CAD N/A* 
software 
Biggest problem with CAD Not statistically significant at p = 0.05 
software level of probability. 
Q4. Are there statistically significant 
differences between interior 
designers' and interior design 
students ' suggested improvements 
in CAD? 
Areas needing improvement NIA* 
Limitations of the Study and Recommendations for Future Research 
There was no research found in the literature that evaluated students ' and interior 
design practitioners ' perceptions of CAD; therefore, this could serve as a pilot for a national 
study that would be required in order to fully understand perceptions of CAD. This study was 
conducted in Michigan. A national study would be required to determine whether there are 
regional differences regarding the perceptions and use of CAD. 
This study included participants of all age groups, which may have affected 
perceptions and use of CAD. Therefore, a national study with more participants in each age 
group may be required to gain an in-depth understanding of participants' perceptions of 
CAD. This study provided a snapshot that described perceptions and use in the year 2006. 
Given the pace of change, a national study may need to be replicated on an annual schedule 
to build an understanding of perceptions and use of CAD. 
This study provided preliminary data that could be used as a basis for a more 
comprehensive study of ASID student and practitioner members, in more diverse regions of 
the country. The inclusion of other designer associations such as IIDA and AlA, would 
provide additional information that could be compared with the results ofthis study. 
Conclusions 
The information obtained from this research project could be used to improve the 
understanding of students' and designers' perceptions of CAD. The study shows that there 
are statistically significant differences between students and designers for the perception, use, 
problems, and perceptions of needed future improvements for CAD. Therefore, design 
educators and design practitioners could improve their communication regarding CAD 
education, using the study as a starting point. If software programmers also used this study 
to understand the problems users (designers and students) face and their expectations for the 
changes, it would facilitate better exchange of information and provide better options for 
users in the near future. Improving communication and understanding among the 
stakeholders could result in better CAD programs and, ultimately, better design projects. 
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Appendix A: Participation Cover Letters 
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Participation Cover Letter (Designers' ) 
94 
Participation Cover Letter (Informed Consent) 
Date: 4/17/06 
Evaluation of interior designers' and interior design students' perception of CAD 
Greetings, 
This study is to investigate interior designers' and interior design students' 
perceptions of CAD (computer aided design). The questionnaire provides an 
opportunity for you to tell us about your experience using CAD (computer aided 
design). Your participation in this survey will take approximately 10 minutes and is 
completely voluntary. 
I hope that you will help me complete the requirements for my masters 
degree in interior design by participating in this survey. However, you may choose to 
not take part in this research project by not returning the questionnaire. I would like 
for you to answer all the questions. However, if any question makes you 
uncomfortable, just skip it and move on to the next question. 
Your responses will be kept in a locked drawer in the Interior Design Program 
offices in the School of Engineering Technology at Eastern Michigan University. 
The completed questionnaires will be accessible only to the researchers, and will be 
destroyed at the end of the study. Only group data will be reported in my thesis and 
in any presentations or publications regarding the research project (e.g., X% ofthe 
designers used Autodesk software). No participant will be identified. 
If you have any questions about this study please contact the researchers. 
Unfmiunately, I have no funds to reward you for participating, however, I will send 
you an executive summary of the research report as a token of my appreciation for 
your participation in this survey. The outcome of this study will be helpful to design 
firms, university programs, interior design faculty and students--so I hope you will 
choose to participate. To start the survey click on following weblink. 
http://www.surveyz.com/TakeSurvey?id=51526 
THANK YOU in advance for participating in this survey! 
Sincerely, 
V aishali A. P a til 
MS Graduate Student 
Interior Design Program 
Eastern Michigan University 
vpatil@emich. edu 
and 
Dr. Louise Jones, IDEC, LEED AP 
202 Roosevelt Building 
Eastern Michigan University 
Ypsilanti, MI 48197 
Louise.Jones@emich.edu 
Phone: 734-487-2490 
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Participation Cover Letter (Students') 
97 
Participation Cover Letter (Informed Consent) 
Date: 4/17/06 
Evaluation of interior designers' and interior design students' perception of CAD 
Greetings, 
This study is to investigate interior designers' and interior design students ' 
perceptions of CAD (computer aided design). The questionnaire provides an 
opportunity for you to tell us about your experience using CAD (computer aided 
design). Your participation in this survey will take approximately 10 minutes and is 
completely voluntary. 
I hope that you will help me complete the requirements for my masters degree 
in interior design by participating in this survey. However, you may choose to not 
take part in this research project by not returning the questionnaire. I would like for 
you to answer all the questions. However, if any question makes you uncomfortable, 
just skip it and move on to the next question. 
Your responses will be kept in a locked drawer in the Interior Design Program 
offices in the School of Engineering Technology at Eastern Michigan University. 
The completed questionnaires will be accessible only to the researchers, and will be 
destroyed at the end of the study. Only group data will be reported in my thesis and 
in any presentations or publications regarding the research project (e.g., X% ofthe 
designers used Autodesk software). No participant will be identified. 
If you have any questions about this study please contact the researchers. 
Unfortunately, I have no funds to reward you for participating, however, I will send 
you an executive summary of the research report as a token of my appreciation for 
your participation in this survey. The outcome of this study will be helpful to design 
firms, university programs, interior design faculty and students--so I hope you will 
choose to participate. To start the survey click on following weblink. 
http:/ /www.surveyz.com/TakeSurvey?id=51565 
THANK YOU in advance for participating in this survey! 
Sincerely, 
V aishali A. P a til 
MS Graduate Student 
Interior Design Program 
Eastern Michigan University 
vpatil@emich.edu 
and 
Dr. Louise Jones, IDEC, LEED AP 
202 Roosevelt Building 
Eastern Michigan University 
Ypsilanti, MI 48197 
Louise.Jones@emich.edu 
Phone: 734-487-2490 
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Appendix B: Questionnaires 
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Interior Designers' Questionnaire 
1. What is your overall perception of CAD? 
Very negative Very positive 
D D D D D 
2. In general which media do you prefer to use? 
a. D Hand drawing b. D Computer (using CAD) 
3. What percent of your design projects done using CAD software? 
a. D 76-100% b. D 51-75% c. D 26-50% d. D 1-25% 
4. How did you learn to use CAD software? Please mark all that apply. 
a. D Have not learned to use CAD 
b. D Taught myself 
c. D Colleague taught me 
d. D Component of 2 year degree 
e. D Component of 4 year degree 
f. D Component of MS degree 
g. D CEU CAD instruction 
h. D Software manufacturers' instructional program 
i. D Other 
5. How many years have you been using CAD software? 
a. D Don't use CAD 
b. D 1 to 5 years 
c. D 6 to 1 Oyears 
d. D 11-15 years 
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e. D more than 15 years 
6. What CAD software do you use most often? 
a. D None 
b. D AutoCAD 
c. D ADT (Architectural Autodesk Desktop) 
d. D Revit 
e. D Microstation 
f. D ArchiCAD. 
g. D intellCAD 
h. D V ectorworks 
1. D Sketchup 
J. D miniCAD 
k. D CADVance 
1. D Other 
7. Do you use latest version of CAD software that you use most often? 
a. DYes b. DNo 
8. How often do you upgrade CAD software that you use most often? 
a. D Every year 
b. D 2 to 3 years 
c. D 4 to 5years 
d. D More than 5 years 
e. D Never 
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9. Can you access computer with CAD at home? 
a. DYes b. DNo 
10. Have you ever-experienced Virtual Reality? 
a. DNo 
b. D Once 
c. D A few times 
d. D Many times 
11. What drawings do the majority of your clients want you to produce using CAD? 
a. D Do not want CAD drawings 
b. D 2-D drawings 
c. D 3-D drawings 
d. D Renderings 
e. D Animation 
f. D Other 
12. For what purpose do you routinely use CAD software? Please mark all that apply. 
a. D Do not use CAD drawings 
b. D 2-D drawings 
c. D 3-D drawings 
d. D Renderings 
e. D Animation 
f. D Others 
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13. In which segment of design process do you routinely use CAD software? Please mark all 
that apply. 
a.D Do not use CAD. 
b. D Programming 
c. D Schematics 
d. D Conceptual development 
e. D Design exploration 
f. D Design development 
g. D Presentation drawings 
h. D Production drawings 
i. D Post occupancy evaluation 
j. D Other 
14. What software do you use for rendering? Please mark only one response. 
a. D AutoCAD 
b. D Microstation 
c. D ArchiCAD. 
d. D intellCAD 
e. D V ectorworks 
f. D SketchUp 
g. D miniCAD 
h. D CADV ance 
i. D VIZ Render 
j. D 3-D Studio Max 
k. D Revit I AccuRender 
1. D Vue 
m. D FormZ 
n. D None 
15. What software do you use for animation? Please mark only one response. 
a. D VIZ Render 
b. D Microstation 
c. D ArchiCAD. 
d. D intellCAD 
e. D V ectorworks 
f. D SketchUp 
g. D miniCAD 
h. D CADV ance 
1. D FormZ 
J. D 3-D Studio Max 
k. D Revit I AccuRender 1. 
1. D Vue 
m. D None 
16. What image editing software do you use most often? Please mark only one response. 
a. D Ability Photopaint 
b. D ACD Canvas 
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c. D Adobe Photoshop 
d. D Alias Sketchbook 
e. D CodedColor 
f. D Corel Painter 
g. D Corel PaintShop Pro 
h. D Corel Photo-Paint 
i. D GraphicConverter 
j. D Macromedia Fireworks 
k. D Microsoft Office Picture Manager 
1. D Microsoft Paint 
m. D OpenCanvas 
n. D PicMaster 
o. D Ultimate Paint 
p. D other 
q. D None 
17. If None, what are the reasons for not using image editing software ? Please 
mark all that apply. 
a. D Ccost of personal copy of software 
b. D Time to research options and to learn how to use it 
c. D Don't know how to use it 
d. D Prefer to do it by hand 
e. D Clients don't ask for it. 
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f. 0 Other 
18. Do you use image editing software to create non-photorealistic rendering? 
a. 0 Yes b. ONo 
19. If No, what are the reason for that? Please mark all that apply. 
a. 0 Prefer to do it by hand 
b. OTime to research options and learn to use software 
c. 0 Cost of the software 
d. 0 Clients don't ask for it. 
e. 0 Other 
20. Do you use any computer aided physical model making device, such as 3-D printer, 
Laser printer 
a. 0 Yes b. ONo 
21. Have you ever used Virtual Reality software? 
a. ONo 
b. 0 Once 
c. 0 A few times 
d. 0 Many times 
22. Do you agree with this statement: In the last 5 years it has become easier to learn to 
use CAD software. 
Not at all 
0 0 0 0 
Completely 
0 
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23. Do you agree with this statement: My creativity is enhanced when I use CAD software 
Not at all Completely 
0 0 0 0 0 
24. Do you agree with this statement: Using CAD Software makes me a better designer 
Not at all 
0 0 0 0 
Completely 
0 
25. Do you agree with this statement: Using CAD software makes me more marketable? 
Not at all 
0 0 0 0 
Completely 
0 
26. Would you hire new employee with better CAD skills or an employee with better 
hand drawing skills, with all other factors being equal? 
a. 0 One with better CAD skills 
b. 0 One with better hand drawing skills 
c. 0 Is not a factor in decision process 
27. In what areas you have difficulties when using CAD software? 
a. 0 Initial cost of current software 
b. 0 3-D modeling 
c. 0 Rendering 3-D models 
d. 0 animation of 3-D models 
e. 0 Virtual reality 
f. 0 Computer requirements to run CAD software 
g. 0 Sharing of files 
h. 0 Cost of software upgrades 
i. 0 Online training opportunities 
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j. D Other 
28. Which one of following is the biggest problem? 
a. D Initial cost of software 
b. D 3-Dmodelling 
c. D Rendering of 3-D model 
d. D Animation of 3-D model 
e. D Computer requirements to run CAD software 
f. D File sharing issues 
g. D Cost of software upgrades 
h. D Online training opportunities 
i. D Other 
29. In what areas would you like to see improvement in near future? Please 
k d 1st 2nd 3rd ran or er , , . 
a. D Initial cost of software 
b. D 3-Dmodelling 
c. D Rendering 3-D models 
d. D Animation of 3-D models 
e. D Virtual reality cost of upgrades 
f. D Computer requirements to run CAD 
g. D Sharing offiles 
h. D Cost of software upgrades 
i. D Online training opportunities 
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j. D Other 
30. What is your primary area of design practice? 
a. D Residential 
b. D Retail 
c. D Restaurant 
d. D Healthcare 
e. D Office 
f. D Institutional (e.g. libraries, post offices, museums, courthouses, schools, etc.) 
g. D Other 
31. How long have you practiced in the interior design field? 
a. D Less than 5 year 
b. D 5-10 years 
c. D 11-15 years 
d. D 16-20 years 
e. D More than 20 years 
32. Are you NCIDQ certified? 
a. DYes 
33. Are you male or female? 
a. D Male b. D Female 
34. How old are you? 
a. D Less than 25 
b. D 25-30 years 
b. DNo 
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c. D 31-40 years 
d. D 41-50 years 
e. D More than 50 years 
35. Is there something else that you would like us to know? 
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Interior Design Students' Questionnaire 
1. What is your overall perception of CAD? 
Very negative 
D D D 
2. In general which media do you prefer to use? 
a. D Hand drawing 
Very positive 
D D 
b. D Computer (using CAD) 
3. What percent of your class work is done using CAD software? 
a. D 76-100% b.D51-75% c. D 26-50% d. D 1-25% 
4. How did you learn to use CAD software? Please mark all that apply. 
a. D Have not learned to use CAD 
b. D Taught myself 
c. D Colleague taught me 
d. D Component of 2 year degree 
e. D Component of 4 year degree 
f. D Component of MS degree 
g. D CEU CAD instruction 
h. D Software manufacturers' instructional program 
i. D Other 
5. How many years have you been using CAD software? 
a. D Don't use CAD 
b. D 1 year or less 
c. D 2-5 years 
d. D 6-10 years 
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e. D More than 10 years 
6. What CAD software do you use most often? 
a. D None 
b. D AutoCAD 
c. D ADT (Architectural Autodesk Desktop) 
d. D Revit 
e. D Microstation 
f. D ArchiCAD. 
g. D intellCAD 
h. D V ectorworks 
1. D Sketchup 
J. D miniCAD 
k. D CADVance 
1. D Other 
7. Do you use latest version of CAD software that you use most often? 
a. DYes b. DNo 
8. How often do you upgrade CAD software that you use most often? 
a. D Every year 
b. D 2 to 3 years 
c. D 4 to 5years 
d. D More than 5 years 
e. D Never 
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9. Can you access computer with CAD at home? 
a. DYes b. DNo 
10. Have you ever-experienced Virtual Reality? 
a. DNo 
b. D Once 
c. D A few times 
d. D Many times 
11. For what purpose do you routinely use CAD software? Please mark all that apply. 
a. D Do not use CAD drawings 
b. D 2-D drawings 
c. D 3-D drawings 
d. D Renderings 
e. D Animation 
f. D Others 
12. In which segment of design process do you routinely use CAD software? Please mark all 
that apply. 
a.D Do not use CAD. 
b. D Programming 
c. D Schematics 
d. D Conceptual development 
e. D Design exploration 
f. D Design development 
g. D Presentation drawings 
h. D Production drawings 
1. D Post occupancy evaluation 
J. D Other 
13. What software do you use for rendering? Please mark only one response. 
a. D AutoCAD 
b. D Microstation 
c. D ArchiCAD. 
d. D intellCAD 
e. D V ectorworks 
f. D SketchUp 
g. D miniCAD 
h. D CADV ance 
1. D VIZ Render 
J. D 3-D Studio Max 
k. D Revit I AccuRender 
1. D Vue 
m. D FormZ 
n. D None 
14. What software do you use for animation? Please mark only one response. 
a. D VIZ Render 
b. D Microstation 
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c. D ArchiCAD. 
d. D intellCAD 
e. D V ectorworks 
f. D SketchUp 
g. D miniCAD 
h. D CADV ance 
1. D FormZ 
J. D 3-D Studio Max 
k. D Revit I AccuRender 
1. D Vue 
m. DNone 
15. What image editing software do you use most often? Please mark only one response. 
a. D Ability Photopaint 
b. D ACD Canvas 
c. D Adobe Photoshop 
d. D Alias Sketchbook 
e. D CodedColor 
f. D Corel Painter 
g. D Corel PaintShop Pro 
h. D Corel Photo-Paint 
1. D GraphicConverter 
J. D Macromedia Fireworks 
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k. D Microsoft Office Picture Manager 
1. D Microsoft Paint 
m. D OpenCanvas 
n. D PicMaster 
0. D Ultimate Paint 
p. D other 
q. D None 
16. If None, what are the reasons for not using image editing software ? Please 
mark all that apply. 
a. D Cost of personal copy of software 
b. D Time to research options and to learn how to use it 
c. D Don't know how to use it 
d. D Prefer to do it by hand 
e. D Instructors don't ask for it. 
f. D Other 
17. Do you use image editing software to create non-photorealistic rendering? 
a. DYes b. DNo 
18. If No, what are the reason for that? Please mark all that apply. 
a. D Prefer to do it by hand 
b. DTime to research options and learn to use software 
c. D Cost ofthe software 
d. D Instructors don't ask for it. 
e. D Other 
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9. Do you use any computer aided physical model making device, such as 3-D printer, 
Laser printer 
a. 0 Yes b. ONo 
20. Have you ever used Virtual Reality software? 
a. ONo 
b. 0 Once 
c. 0 A few times 
d. 0 Many times 
119 
21. Do you agree with this statement: In the last 5 years it has become easier to learn to use 
CAD software. 
Not at all 
0 0 0 0 
Completely 
0 
22. Do you agree with this statement: My creativity is enhanced when I use CAD software 
Not at all 
0 0 0 0 
Completely 
0 
23. Do you agree with this statement: Using CAD Software makes me a better designer 
Not at all 
0 0 0 0 
Completely 
0 
24. Do you agree with this statement: Using CAD software makes me more marketable? 
Not at all 
0 0 0 0 
Completely 
0 
25. In what areas you have difficulties when using CAD software? Please mark all that apply. 
a. 0 Initial cost of current software 
b. D 3-D modeling 
c. D Rendering 3-D models 
d. D animation of 3-D models 
e. D Virtual reality 
f. D Computer requirements to run CAD software 
g. D Sharing of files 
h. D Cost of software upgrades 
1. D Online training opportunities 
J. D Other 
26. Which one of following is the biggest problem? 
a. D Initial cost of software 
b. D 3-Dmodelling 
c. D Rendering of 3-D model 
d. D Animation of 3-D model 
e. D Computer requirements to run CAD software 
f. D File sharing issues 
g. D Cost of software upgrades 
h. D Online training opportunities 
i. D Other 
27. In what areas would you like to see improvement in near future? Please 
rank order 1st, 2nd, 3rd. 
a. D Initial cost of software 
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b. D 3-Dmodelling 
c. D Rendering 3-D models 
d. D Animation of 3-D models 
e. D Virtual reality cost of upgrades 
f. D Computer requirements to run CAD 
g. D Sharing offiles 
h. D Cost of software upgrades 
1. D Online training opportunities 
J. D Other 
28. What is your program of study? 
a. D 2 year degree 
b. D 4 year degree 
c. D MS degree 
d. D Other 
29. How many credit hours have you completed in CAD? 
a. D None 
b. D 1-2 
c. D 3-4 
d. D 5-6 
e. D 7-8 
f. D 9-10 
g.D More than 10 
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30. After graduation of finishing your degree, in which of the following domains you plan to 
specialize your design work? 
a. D Residential 
b. D Retail 
c. D Restaurant 
d. D Healthcare 
e. D Office 
f. D Instituational (e.g. libraries, post offices, museums, courthouses, schools, etc.) 
g. D Other 
31. Do you plan to apply for NCIDQ certification when you are eligible? 
a. DYes b. DNo 
33. Are you male or female? 
a. D Male b. D Female 
33. How old are you? 
a. D Less than 25 
b. D 25-30 years 
c. D 31-40 years 
d. D 41-50 years 
e. D more than 50 years 
34. Is there something else that you would like us to know? 
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~ ls. \ ·aishal i :\. Patil 
2.,?9 rurkwny Circle 
S lt.'rl i ng I I eights, ivH 483 1 0 
Dear \ 1s Patil: 
Your application for review of your research proposaL entitled "Evaluation of lntelior 
Designer's and Interior Design Student's Perception of CAD (Computer t\ idcd Design). 
was received by the College ofTechnology Human Subjects in Research Committee 
(.COT HSRC) on Apri l 19, 2006. We have completed our re\ te\\ of this application, and 
your research is APPROVED. Upon your written request. 1 \\ ould be happy to discuss 
the details of our review with you. If you desire~ the original Reviewers· Response 
Fonns arc available for your perusal. 
Please keep 10 mind that you are obligated to adv1se the COT HSRC of any change in 
protocol that might alter your research in any manner that differs from that upon which 
this approval is based. Approval of this research applies for one year from the date of 
this letter. If your data collection continues beyond the one-year period. you must apply 
for a renewal. 
The COT Human Subjects in Research Committee encourages your research efforts. 
Please let us know 1 f V\' e may be of help. 
Cordially~ 
c~~N\~W 
Greg lv1Jtche1L Ph.D., P.E. 
Chairperson 
COT Human Subjects in Research Committee 
Phone: 734-487-2490 
Email: Jmitchell@emich.edu 
Office: 206B Roosevelt 
